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ABSTRACT 
 
WATER QUALITY ASSESSMENT OF DEER LAKES COUNTY PARK BEFORE, DURING 
AND AFTER UNCONVENTIONAL SHALE GAS DRILLING 
 
 
 
By  
Daniel Robinson 
May 2019 
 
Thesis supervised by John F. Stolz, Ph.D. 
 Allegheny County, Pennsylvania, signed a lease to allow unconventional natural gas 
extraction from Marcellus Shale beneath Deer Lakes County Park in 2014. The park has three 
man-made lakes and four waterways that eventually flow into the Allegheny River. Drilling 
commenced in early 2016, and there are now five producing wells. The park has an extensive 
abandoned coal mine network and several abandoned oil and gas wells. Thus, an independent 
water quality study was undertaken beginning in July 2015. Samples from seven different sites in 
the park were used to establish a water quality baseline prior to the drilling. Monthly sampling 
continued through August 2017, with analytical parameters including conductivity, pH, 
dissolved oxygen, anions, light hydrocarbons, and a suite of metals and metalloids. Detection of 
light hydrocarbons, surfactants, and other constituents in specific mass ratios suggest that water 
quality has been impacted by a combination of past and present extractive activities. 
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Chapter 1: Introduction 
1.1 Natural Gas 
 Natural gas can be formed through biological or thermal activity, via the conversion of 
organic matter to volatile hydrocarbons (R. B. Jackson et al., 2013; R. E. Jackson et al., 2013). 
Biogenic natural gas is generally formed under low temperature and pressure, and is found in 
locations like shallow aquifers, coal deposits, and marine sediments. In this formation method, 
production of methane and ethane results from the activity of anaerobic microbes, known as 
methanogens, on organic material (R. E. Jackson et al., 2013). 
Conversely, thermogenic natural gas forms under high temperature and pressure and is 
found deep underground in sedimentary basins (R. E. Jackson et al., 2013). In thermogenic 
formation, organic materials sink to the bottom of waterbodies. Overtopped and compressed, 
they harden to form shale. Beneath the surface of the earth, the shale is subjected to high 
pressure and temperature – 100 to 200ºC (212 to 392ºF) – which converts the organic material 
trapped within to hydrocarbons. The hydrocarbon-rich, relatively impermeable shale is referred 
to as “source rock” (Flaherty & Flaherty, 2014). Hydrocarbons may migrate from the source rock 
into other, more permeable formations (Kerr, 2010). Thermogenic processes can produce 
propane, butane and pentane in addition to methane and ethane (R. E. Jackson et al., 2013). 
1.1.1 Conventional vs. Unconventional Drilling 
 Natural gas drilling is referred to in two separate ways, defined by the location of the gas 
being drilled and the techniques employed to access it. Conventional drilling is the practice of 
drilling vertically into permeable rock formations that house gas that migrated away from its 
source rock (Kerr, 2010). Due to the high permeability of the formations accessed, natural gas 
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flows out of conventional wells easily (Flaherty & Flaherty, 2014). Natural gas production from 
conventional wells hit its zenith in the early 1970s (Kerr, 2010).    
 Unconventional drilling accesses the source rock directly, not formations of migrated 
natural gas. As it is a relatively new practice, it is referred to as “unconventional” (Kerr, 2010). 
Shale, being fine-grained and relatively impermeable, does not release its gas easily. Due to this, 
vertical wells drilled into source rock formations do not usually produce at economically viable 
rates. To improve yields from source rock, two important technologies have been implemented 
industry-wide: directional drilling and high volume hydraulic fracturing (HVHF) (“U.S. shale 
gas: an unconventional resource, unconventional challenges,” 2008).    
1.1.1.1 Directional Drilling 
 Directional drilling follows a trajectory that deviates from the vertical. This allows the 
well being drilled to track geological formations (Fanchi & Christiansen, 2016). Oil and gas 
reservoirs are often far more extensive in the horizontal area they cover than their vertical 
thickness, so directional drilling exposes significantly more area of the formation to the well and 
helps to compensate for low permeability. While there are different angles that may be employed 
in directional drilling, horizontal drilling is ubiquitous (Fanchi & Christiansen, 2016; Helms, 
2008).  
In horizontal drilling, a well is drilled vertically until a certain depth – referred to as the 
kickoff point – where it curves into a near horizontal wellbore in the target formation. This 
lateral continues through the target formation until it reaches the bottom hole of the well (Helms, 
2008). As the well deepens, casings of steel and cement are installed to protect groundwater and 
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coal seams from petroleum contamination (Figure 1) (Flaherty & Flaherty, 2014). These casings 
also serve as structural support for the wellbore. If the target formation is strong, the driller rarely 
may install a less substantial liner or leave the wellbore completely unlined (Fanchi & 
Christiansen, 2016). If a casing is installed, the lateral must be perforated in the target formation 
to allow gas to flow into the well and to provide a connection for possible stimulation activities 
(such as HVHF). Perforation was originally accomplished using high-caliber bullets, but is now 
is often performed by detonating shaped charges – referred to as shots – within the casing 
(Fanchi & Christiansen, 2016; Flaherty & Flaherty, 2014). Water jets and abrasives have also 
been used to create casing perforations (Fanchi & Christiansen, 2016). 
 
Figure 1. Horizontal wells contain vertical and lateral sections and are cased in multiple layers of 
concrete and steel (MCOR, 2018). 
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 The concept for directional drilling was first laid out in a dentistry patent in 1891. In 
1929, the first horizontal oil well was drilled. However, the technology did not find widespread 
adoption until successful trials by Elf Aquitaine in the 1980s (Helms, 2008). Horizontal drilling 
has become increasingly ubiquitous since then, with advances in technology enabling more 
accurate drilling and an increase in lateral length from just tens of meters to over 3,000 meters 
(10,000 feet) today (Helms, 2008; NETL, 2013).     
1.1.1.2 HVHF 
HVHF, also referred to as fracking, is often the next step taken to stimulate well production after 
directional drilling and perforation (Flaherty & Flaherty, 2014). Its goal is to fracture new flow 
paths within the shale formation connected to the wellbore, allowing more oil and gas to be 
collected (Fanchi & Christiansen, 2016). In this process, a slurry is pumped into the well at high 
pressure. The slurry is 98% to 99.5% water mixed with a proppant – either sand or ceramic – 
while the remaining 0.5% to 2% consists of various chemicals that assist in the fracturing process 
(C. Clark, Burnham, Harto, & Horner, 2013; Fanchi & Christiansen, 2016). The pressurized fluid 
forces its way through the perforations made in the well casing from earlier, forcing itself into 
and fracturing the target formation (Figure 2) (C. Clark et al., 2013; Flaherty & Flaherty, 2014). 
The fractures can extend for hundreds of meters (Davies, Mathias, Moss, Hustoft, & Newport, 
2012). As pressure is released and the water retreats, the proppant stays behind in the fractures to 
keep them wedged open (C. Clark et al., 2013; Flaherty & Flaherty, 2014). Roughly 20 to 25% 
of the injected water will return to the surface immediately and is referred to as flowback water. 
More water will come up throughout the production life of the well and is classified as produced 
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water or brine water (Maloney & Yoxtheimer, 2012; NETL, 2013). Well laterals are often 
fracked in sections, with the sections isolated from each other by temporary plugs (NETL, 2013).  
 
Figure 2. Fracking slurry is pumped down a horizontal well under high pressure, flowing 
through perforations in the casing and creating fractures (Walter, 2014).    
 The concepts behind HVHF date back to the 1860s, when nitroglycerin was often used to 
stimulate shallow oil wells. Further development occurred in the 1930’s with the injection of 
acid into wells to create and etch fractures. However, the modern concept of HVHF did not 
emerge until the late 1940’s when Stanolind Oil performed an experimental fracturing of a well 
in Kansas using napalm-thickened gasoline and river sand as proppant. Since that time, the 
technology has developed rapidly. Water was introduced as a fracturing fluid in 1953, 
supplanting petroleum products, and capacity and proppant technology have been improved upon 
(Montgomery & Smith, 2010).   
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1.1.2 Resource Requirements of Unconventional Drilling   
1.1.2.1 Natural 
 The construction of a natural gas well requires water throughout the entire process. 
During drilling, water is used in the drilling mud that lubricates and cools the drill bit (Corrie E. 
Clark, Horner, & Harto, 2013; McAuliff, Sadiq, & Hewage, 2017). Per well, the amount of water 
required for the drilling mud ranges from 500,000 to 4,000,000 liters (132,000 to 1,000,000 US 
gallons). Drilling mud may be reused or recycled to reduce water use. Oil-based alternatives may 
also be used (McAuliff et al., 2017) Water is also needed for cementing of the well casing 
(Corrie E. Clark et al., 2013). Hydraulic fracturing accounts for the largest portion of water used, 
with anywhere from 10,000,000 to 50,000,000 liters (2,500,000 to 13,000,000 US gallons) 
required per well. Water is typically obtained from local sources to keep costs low and is 
transported in via truck or pipeline (McAuliff et al., 2017; Olmstead, Muehlenbachs, Shih, Chu, 
& Krupnick, 2013). To reduce consumption, flowback water may be reused when fracking other 
wells (NETL, 2013).     
 The drilling of a well necessitates the development of land for not only the well pad – 
which contains the drilling rig, retention ponds, piping, storage, and vehicle parking – but also its 
supporting infrastructure such as access roads and utilities (Figure 3) (C. Clark et al., 2013) A 
typical well pad in the Marcellus Shale covers about two hectares (five acres) (NETL, 2013). 
Other estimates average place pad size at about three hectares (7.4 acres). After completion of a 
well, some of the developed land may be reclaimed, but most of it is retained for further use 
(Olmstead et al., 2013).     
 - 7 - 
 
 
Figure 3. The drilling of an unconventional well requires land for equipment storage and access 
roads (United States Environmental Protection Agency, 2016; Photo credit: J. Henry Fair) 
1.1.2.2 Chemical 
 A variety of chemicals may be included in the slurry used for hydraulic fracturing. These 
chemicals can serve many different purposes: acids scour the rock and increase gas flow; 
biocides control organismal growth in the well; gels increase the slurry’s viscosity; and other 
chemicals provide lubrication or inhibit corrosion (C. Clark et al., 2013). Over 1,000 different 
chemicals are known to have been used in fracking slurry and the exact blends used by operators 
are generally proprietary (C. Clark et al., 2013; Elliott et al., 2017).   
1.1.3 Natural Gas Collection, Processing, and Distribution  
 After hydraulic fracturing is completed and the flowback period finished, the 
unconventional well is ready for production. In the case of a wet gas well – which produces 
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quantities of oil as well as natural gas – the components are separated and stored on the pad in 
tanks (Maloney & Yoxtheimer, 2012; NETL, 2013). The gas is then transported via pipeline to 
centralized facilities where it is further processed, compressed, and routed into distribution 
pipelines (NETL, 2013). Compressor stations along the distribution pipelines maintain system 
pressure. The gas may be pumped into underground reservoirs to accommodate rises and falls in 
demand (Flaherty & Flaherty, 2014).   
1.1.4 Well End-of-Life 
 When a well has reached the end of its productive life, it is deactivated. The head of the 
well is removed, and the wellbore is filled with concrete. This measure prevents the further 
leakage of gas into the air from the well (NETL, 2013). A vent pipe may be installed to release 
any gas that may build up despite the concrete plug and to serve as a marker for the well 
(Flaherty & Flaherty, 2014). The wellpad is reclaimed to an extent agreed upon by the 
landowner. Finally, the well is abandoned and becomes the responsibility of the landowner 
(NETL, 2013).  
1.1.5 Waste Products and Disposal 
1.1.5.1 Solids 
 During the drilling of a well, large amounts of drill cuttings are produced. A typical 
unconventional well in the Marcellus shale produces about 340 metric tons (375 tons) of solid 
waste, but this varies on well size (Phan, Graney, Johnson, Sharma, & Toro, 2015). The cuttings 
are carried up to the surface with the mud used to facilitate the drilling (Barry & Klima, 2013). 
The cuttings may contain elements like arsenic and barium, as well as naturally-occurring 
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radioactive materials (NORM) such as uranium and radium (NETL, 2013; Phan et al., 2015; T. 
Zhang, Hammack, & Vidic, 2015).  
As the amount of radiation from NORM in drill cuttings is relatively low, the vast 
majority are disposed of in landfills where they may be used as daily cover (Al Nabhani, Khan, 
& Yang, 2016; Maloney & Yoxtheimer, 2012). However, the cuttings must meet regulation-
defined radiation limits at the landfill. If they exceed limits, they must be disposed of as a 
radioactive material (NETL, 2013). Other methods of disposal for drill cuttings include use as 
part of a fill mix in abandoned mines, as fill for construction and road bases, and as fuel (Barry 
& Klima, 2013).  
1.1.5.2 Fluids 
 During the HVHF process, flowback water is the primary waste. It is mostly 
representative of the chemicals injected as part of the fracking slurry, but also contains some 
constituents representative of the target formation. These include salts, minerals, NORM, and 
hydrocarbons (C. Clark et al., 2013; Oetjen et al., 2018). The total dissolved solids concentration 
of flowback  rises over time, surpassing the total dissolved solids (TDS) of seawater within three 
days (United States Environmental Protection Agency, 2016). As flowback surfaces, it is most 
often held in temporary earthen impoundments that are open to the air (Figure 4) (Platt, Manthos, 
& Amos, 2018). These impoundments are normally lined with geosynthetic membranes (R. E. 
Jackson et al., 2013). As production begins and flowback continues, the water coming up begins 
to more closely resemble the waters of the target formation and is classified as produced water 
(Oetjen et al., 2018). TDS of this produced water may rise over 200,000 mg/L and salinity can 
surpass 300,000 mg/L (United States Environmental Protection Agency, 2016).  
 - 10 - 
 
 Due to the complex and variable nature hydraulic fracturing wastewaters, it can be 
difficult to determine proper reuse and disposal strategies (Oetjen et al., 2018). During 
processing, NORM may be concentrated within pipes, sludges, and equipment. These high 
concentrations are referred to as technologically-enhanced NORM (TENORM), which is a true 
radiation hazard (NETL, 2013). Water may be reused in other hydraulic fracturing operations, 
dependent on its quality (C. Clark et al., 2013). In the Marcellus shale play, it is estimated that 
95% of wastewater is reused. By contrast, in the Haynesville play, an estimated 0% is reused 
(Corrie E. Clark et al., 2013). Wastewater is generally disposed of permanently at Class II 
injection wells regulated by the EPA. However, problematic practices include dumping of 
flowback into surface waters and processing at standard wastewater treatment plants (C. Clark et 
al., 2013; United States Environmental Protection Agency, 2016).  
 
Figure 4. Waste products from unconventional drilling may be stored in impoundments (United 
States Environmental Protection Agency, 2016; Photo credit: Caroline E. Ridley) 
1.1.6 The Economics of Unconventional Shale Gas Extraction in the Marcellus Shale 
 It costs 3-5 million United States Dollars (USD) and 70 – 100 days to construct and 
complete an unconventional well (API, 2010; Kargbo, Wilhelm, & Campbell, 2010). Once built, 
a well is estimated by industry to last anywhere from 20 to 40 years (API, 2010). The estimated 
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ultimate recovery (EUR) of the well may range anywhere from 1.5 to 6.5 billion cubic feet (Bcf) 
depending on the shale formation it is accessing (C. E. Clark, Han, Burnham, Dunn, & Wang, 
2011). This financial math – roughly 1 USD in costs to produce one thousand cubic feet (Mcf) of 
natural gas – has only recently become viable. Natural gas prices have risen from below 2 USD 
per Mcf in the 1980s to over 10 USD per Mcf in 2008 (Soeder & Kappel, 2009). As of late 
February 2019, natural gas futures were valued at $2.63 per Mcf (“Natural gas futures contract 1 
(Dollars per Million Btu),” n.d.)    
 Industry has touted natural gas extraction as an engine of economic growth and as a job 
creator; in 2012, Range Resources launched a television campaign about the Marcellus Shale in 
Pennsylvania revolving around the theme, “Drilling is Just the Beginning”. The ads promised 
economic revitalization and a return to the ‘glory days’ of industry (Rich, 2016). In reality, the 
economic benefits of unconventional drilling can vary widely for those involved. Pennsylvania 
landowners have leased their mineral rights to drillers for anywhere from 2.80 to over 2,300 
USD per hectare (7 to over 5,750 USD per acre) (Lampe & Stolz, 2015). The state also requires 
a royalty rate of at least 12.5% to be paid out. However, the Pennsylvania Supreme Court found 
in 2010 that drillers could deduct costs from this number, decreasing the payout to landowners 
(Kilmer v. Elexco Land Services Inc, 2010). In addition, unconventional wells have been 
observed to exhibit steep declines in production from initial levels – as much as a three-quarters 
reduction in just the first year, meaning that profits, and therefore royalties, are intermittent and 
decrease dramatically over time (Lund, 2014; Wachtmeister, Lund, Aleklett, & Höök, 2017). A 
2017 analysis concluded that unconventional wells in the Marcellus Shale rarely produce for 
more than a decade (Kelso, 2017). As a result, new drilling and fracking must be performed 
continuously for gas producers to maintain consistent production (Lampe & Stolz, 2015). 
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 There has been some debate on the job-creating power of the unconventional drilling 
industry. Industry-funded studies found that operations in the Marcellus Shale created 44,000 
jobs in 2009 and 139,000 in 2010, while independent investigations estimate that between 10,000 
and 20,000 jobs were created by the industry between 2004 to 2010 (Wrenn, Kelsey, & Jaenicke, 
2015). While there is agreement that development of the Marcellus Shale has created jobs to at 
least a modest degree, there are concerns that many of those jobs have been filled by non-
residents (Hardy & Kelsey, 2014; Wrenn et al., 2015). One study has even presented the idea that 
Marcellus Shale development has correlated with a rise in foreclosures (Sumell, 2016).   
1.2 Unconventional Shale Gas Development and Water Quality Concerns 
 A relative lack of peer-reviewed articles has made it difficult to address both public and 
academic concern regarding the safety and environmental impacts of unconventional drilling (R. 
E. Jackson et al., 2013). Effects on air and water quality, climate change, and induced seismicity 
have come under scrutiny in an effort to assuage these uncertainties (C. Clark et al., 2013). As of 
the Energy Policy Act of 2005, the Safe Drinking Water Act only applies to the injection of 
diesel fuels underground. It also exempted most oil and gas sites from stormwater regulations 
under the Clean Water Act. As a result, the EPA has little authority in matters of water quality in 
relation to unconventional drilling, leaving most regulatory matters up to the states (C. Clark et 
al., 2013; Olmstead et al., 2013).   
1.2.1 Water Quality Regulations on Unconventional Shale Gas Extraction in Pennsylvania  
Formal regulation of oil and gas development did not begin in Pennsylvania until the 20th 
century and was mainly concerned with abandoned wells at the outset. The position of oil and 
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gas inspector was created in 1959. Today, the Pennsylvania Department of Environmental 
Protection (PADEP) Office of Oil and Gas Management is the primary body that regulates oil 
and gas development. Numerous regulations apply to oil and gas development in the state (Table 
1). Foremost among these is the Oil and Gas Act (Burcat, Saunders, Barrette, & Pennsylvania 
Bar Institute, 2016; “Unconsolidated statutes,” 2018). 25 Pa. Code Chapter 78 codifies these 
laws for the construction and operation of oil and gas wells (“The Pennsylvania Code, Chapter 
78,” 1987).     
Table 1: Statutes Governing Oil and Gas Development in Pennsylvania 
Statute Year Act No. 
Clean Streams Law 1937 394 
Air Pollution Control Act 1959 787 
Oil and Gas Conservation Law 1961 359 
Dam Safety and Encroachments Act 1978 325 
Solid Waste Management Act 1980 97 
Coal and Gas Resource Coordination Act 1984 214 
Oil and Gas Act 1984 223 
Storage Tank and Spill Prevention Act 1989 32 
Environmental Laboratory Accreditation Act 2002 25 
Waterway Resources Planning Act 2002 220 
Note. Information adapted from Burcat et al., 2016; “Unconsolidated Statutes,” 2018    
The Oil and Gas Act was originally enacted in 1984 and revised in 2012 to address 
unconventional shale gas drilling in the Marcellus and Utica shales. This major revision is 
referred to as Act 13. Act 13 imposed an impact fee on unconventional wells, assessed annually 
for 15 years after drilling begins. The yearly fee is determined from the average yearly price of 
natural gas and a host of other variables and ranges from $40,000 to $60,000 USD in the first 
year. The impact fee generates about $200,000,000 USD per year (Burcat et al., 2016). 
Pennsylvania is notable as the only state in the country that has an impact fee instead of a 
severance tax (Marcellus Shale Coalition, 2018).   
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Act 13 put in place several additional requirements for unconventional drilling. It 
introduced siting rules for unconventional wells, requiring a minimum distance of 150 meters 
(500 feet) from buildings and 305 meters (1,000 feet) from water wells or water supply points. 
The Act also reinforced existing erosion controls present in the Clean Streams Law, which 
requires an erosion and sediment control general permit (ESCGP-2) for construction sites. Under 
Act 13, drillers were also required to implement best management practices (BMPs). If a wellpad 
was going to be over two hectares (five acres) in size, drillers also had to construct an erosion 
and sedimentation control plan and obtain a permit. Act 13 also required all drilling sites to 
create a preparedness, prevention, and contingency plan (PPC) stating how waste would be 
managed and how emergency response would occur.  
If a driller was determined to have polluted a water supply, Act 13 required that they 
replace it with an alternate water source that met Pennsylvania Safe Drinking Water Act 
standards or was “comparable to the quality of the water supply before it was affected by the 
operator if that water supply exceeded those standards”. The PADEP and industry groups 
differed in interpretation of the word “exceeded”. The PADEP took it to mean that if the water 
was higher quality than standards prior to contamination, it had to be replaced with water of that 
same high quality. Industry groups took it to mean that if the water did not meet standards prior 
to drilling contamination, it only needed to be restored to the state it was in prior to the drilling 
contamination, regardless of compliance with water quality standards.  
Unconventional drillers were generally held accountable for pollution of a water supply if 
it was within 760 meters (2,500 feet) of the vertical wellbore and if the contamination appeared 
within 12 months of well completion. This was a set deadline, not considering factors like slow-
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moving aquifers. The driller had the right to dispute their liability when pollution is discovered. 
Act 13 also mandated that drillers provide the PADEP with a completion report for each well 
detailing, among other things, the chemical additives used in the fracking process. A similar 
submission had to be made to the public FracFocus database. However, drillers could exclude 
proprietary information from these filings.  
Controversially, Act 13 also imposed a requirement on municipalities – who had until 
that point held some authority over local oil and gas development – to force authorization of oil 
and gas activities in non-residential zoning areas (Burcat et al., 2016). This section of Act 13, 
along with one that required medical personnel to enter into confidentiality agreements in cases 
involving proprietary fracking chemicals, was struck down by the Pennsylvania Supreme Court 
in 2016 during the case Robinson Twp. V. Commonwealth (Buchanan Ingersoll & Rooney PC, 
2016).  
Further changes to the guidelines governing water quality in relation to unconventional 
drilling came with an update to subchapter C of 25 Pa. Code Chapter 78 in 2016, signed into law 
with the Pennsylvania Grade Crude Development Act. The Act created chapter 78a, which 
contains regulations specifically on unconventional drilling (Burcat et al., 2016). Conventional 
drillers are still held to Chapter 78 as revised by Act 13. However, recent efforts have been 
mounted in the state government to return conventional drillers to the original 1984 standards 
(Burcat et al., 2016; Cusick, 2018).  
Chapter 78a revised significant portions of Act 13 regulation and introduced new 
requirements. Unconventional drillers are now required to consider additional factors when siting 
a wellpad, including endangered species and high value bodies of water (Burcat et al., 2016). 
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Notice requirements have been expanded as well; if a wellpad is to be within 61 meters (200 
feet) of a public park, historical site, natural landmark, or a school, the driller must notify the 
associated public agency. That agency may then have a say in the permitting process for the 
wellpad (Babst Calland Attorneys at Law, 2016; Burcat et al., 2016). Erosion control 
requirements have also been enhanced. Now, operators of wellpads 0.4 to two hectares (one to 
five acres) in size that are sited in watersheds classified as high quality or exceptional must have 
a permitted erosion and sedimentation plan in addition to all wellpads greater than two hectares 
(five acres) (Burcat et al., 2016).    
Water restoration standards were clarified under 78a to reflect the interpretation of the 
PADEP. Now, if a polluted water supply previously exceeded standards set by the Pennsylvania 
Safe Drinking Water Act, it must be restored to its pre-contamination state. 78a also introduced 
the prohibition of open impoundments for the storage of waste on the site of unconventional 
drilling. Waste must now be contained in tanks. Centralized offsite impoundments are still 
allowed, but are now subject to the Solid Waste Management Act (Babst Calland Attorneys at 
Law, 2016; Burcat et al., 2016).  
Chapter 78a also requires that site restoration be completed nine months after the drilling 
of an unconventional well has been completed. This entails the restoration of areas non-essential 
to the well’s continued operation, minimization of impervious areas, and removal of unneeded 
equipment. A second restoration must also be carried out post-plugging. A well must be plugged 
if it has not been operated for one year. Operators may apply with the PADEP for inactive status 
on a well, extending this idle period to five years (Burcat et al., 2016).  
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Drillers are subject to record-keeping obligations. Completion reports must be submitted 
within 30 days of well completion. Standard industry logs are due within 90 days. Well 
production and status must be reported on a monthly basis, within 45 days of the end of that 
month (Burcat et al., 2016). During construction of a well, new reporting requirements obligate 
drillers to search for and report any abandoned wells within 305 meters (1,000 feet) of their 
wellbore. This measure is designed to fill out the state’s database of abandoned wells. The 
PADEP has the authority to plug abandoned, orphan and unregistered wells, but the state’s 
database of these is highly incomplete (Burcat et al., 2016; Legere, 2014).  
1.2.2 Surface Water  
 Streams, rivers, and lakes are highly productive and valuable ecosystems in unpolluted 
condition. They are susceptible to contamination from point and non-point sources due to their 
position as drainage receptors (Hemond & Fechner-Levy, 2000; United States Environmental 
Protection Agency, 2016). Unconventional shale gas drilling has the potential to degrade surface 
water quality through multiple point source avenues (Olmstead et al., 2013). 
 Spills of fracking fluid and flowback during the hydraulic fracturing process are one of 
these avenues. The PADEP keeps public compliance records, and from those records it is 
estimated that from 2007 to mid-2013, there were 12.2 spills per 100 wells drilled (United States 
Environmental Protection Agency, 2016). These spills may flow across the land surface or 
infiltrate into nearby waters. The impacts of such spills on surface water have not been 
investigated thoroughly in the literature (United States Environmental Protection Agency, 2016). 
In a case that was published, a 2013 release of fracking fluids into a Kentucky stream resulted in 
a drop in pH to 5.6 and a rise in conductivity to 35,000 μS/cm, leading to the stressing and death 
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of blackside dace, creek chub, and green sunfish (Papoulias & Velasco, 2013). However, due to 
the variety and obscurity of chemicals used during the hydraulic fracturing process and lack of 
pre-spill observations, it can often be difficult to determine if a spill has impacted surface waters 
or not (United States Environmental Protection Agency, 2016).  
 During the initial development of unconventional wells in some regions such as the 
Marcellus Shale where injection wells were not available, wastewater was sometimes treated in 
municipal wastewater facilities. These facilities were not equipped to handle the high salinity and 
radioactivity of the wastewater and would discharge effluent far in excess of standards (Rozell & 
Reaven, 2012; United States Environmental Protection Agency, 2016). The practice was banned 
by the EPA in 2016 (United States Environmental Protection Agency, 2016). However, the 
agency announced in May 2018 that it would be revisiting oil and gas wastewater disposal rules, 
including “whether any potential federal regulations that may allow for broader discharge of 
treated produced water to surface waters are supported” (United States Environmental Protection 
Agency, 2018).  
Even industrial wastewater facilities may not be effective in treating fracking wastewater 
(Rozell & Reaven, 2012). A 2013 investigation of discharge from the Josephine Brine Treatment 
Facility along Blacklick Creek in southwestern Pennsylvania showed that levels of chloride and 
bromide were substantially increased in the waters below the plant’s discharge point. Levels of 
226Ra below the point of discharge were roughly 200 times greater than upstream (Warner, 
Christie, Jackson, & Vengosh, 2013). A 2015 analysis of the Josephine, Hart, and Franklin Brine 
Treatment Facilities (all located in western Pennsylvania) showed that effluent from the facilities 
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contained elevated levels of halides and ammonium in proportion to untreated flowback 
(Harkness et al., 2015). 
  The construction and development of wellpad infrastructure may also affect water 
quality, even with the advent of multiple wells being drilled from the same pad (NETL, 2013). 
Wellpads in the Fayetteville and Marcellus Shales are, on average, 300 meters (1,000 feet) away 
from streams. A significant portion are within 100 meters (328 feet). These streams are at risk for 
increased sediment runoff, altered streamflow, and contamination due to wellpad development 
(Figure 5) (S. Entrekin, Evans-White, Johnson, & Hagenbuch, 2011).  
 
Figure 5. Unconventional well pads may be close to standing water (United States 
Environmental Protection Agency, 2016; Photo credit: J. Henry Fair) 
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Twin studies in 2015 and 2016 investigated the effects of hydraulic fracturing 
development on remote streams in northwestern Pennsylvania. Streams that had experienced 
fracking activity had lower pH, increased bioaccumulation of mercury, and lowered biodiversity 
in comparison to streams that were untouched. These effects were thought to be in response to 
land development or spills associated with unconventional drilling activity (Christopher J Grant 
et al., 2015; Christopher James Grant, Lutz, Kulig, & Stanton, 2016). 
1.2.3 Groundwater  
 Groundwater – water beneath the surface of Earth – supports freshwater habitats and 
important ecological functions (Fetter, 1999). In addition, groundwater supplies half of the 
public water utilities in the United States (Hemond & Fechner-Levy, 2000). It also furnishes 
water to most homes and buildings that are not connected to a public water utility via private 
wells, which may not be regularly tested. Due to this myriad of essential functions, it is 
imperative to preserve groundwater quality (Fetter, 1999).  
Below an initial layer of soil lies the vadose zone, which may be composed of a variety of 
fine- or coarse-grained porous materials including sand, silt, or clay. Within this material, water 
clings to the surface of the grains and does not fill in all the pore space. This unsaturated zone 
continues downward until the point where the atmospheric pressure is equal to the pore water 
pressure. This boundary is the water table. Below it is the saturated zone, in which water fills in 
all the empty space available in the porous material. Generally, the larger and better-connected 
the pore spaces in the material, the greater the hydraulic conductivity (ease with which water 
moves through the pore spaces). If hydraulic conductivity in a saturated region is sufficient for 
flow at a relevant time scale, it is considered to be an aquifer. Below an aquifer may lie another 
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layer of either impermeable or very low permeability material (an aquiclude or aquitard, 
respectively). If there is an aquiclude or aquitard on top of the aquifer in addition to below, it is 
referred to as a confined aquifer (Hemond & Fechner-Levy, 2000). 
There are dozens of routes by which groundwater may become contaminated by human 
activity. These include landfills and dumps, impoundments, storage tanks, pipelines, road salt, 
mine drainage, production wells, and many others. Contamination may also occur naturally via 
routes such as natural leaching and saltwater intrusion (which can be exacerbated by human 
activity). Depending on the contaminant, its source, and the nature of the affected aquifer 
groundwater contamination may be an extremely long-term problem (Fetter, 1999). For many 
contaminants, effective cleanup technologies do not exist and remediation goals are often not 
achieved (National Research Council, 1999). 
Unconventional shale gas drilling has been repeatedly implicated in groundwater 
contamination. For example, a 2013 analysis of 141 water wells located in northeastern 
Pennsylvania – a hotspot of Marcellus Shale development – indicated that water wells located 
within 1 kilometer (3,280 feet) of a gas well were significantly more likely to be contaminated 
with stray gases such as methane, ethane, and propane. (R. B. Jackson et al., 2013). Multiple 
routes of contamination caused by unconventional drilling have been proposed, while discussion 
of the general risks of the practice continues (Figure 6).  
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Figure 6. There are a multitude of routes by which groundwater may be contaminated by oil and 
gas activities (Harrison, 1983) (Used with permission of John Wiley & Sons, Inc.). 
Isotopes in water samples taken in northeastern Pennsylvania suggest that there are 
naturally occurring pathways between shallow drinking water aquifers and the Marcellus Shale. 
This suggests the potential for groundwater contamination originating from the target formation 
of hydraulic fracturing (Warner et al., 2012). A 2014 study performed in Greene County, 
Pennsylvania, attempted to investigate this relationship using the isotopes strontium-87 and 
strontium-86, which appear in a unique ratio when retrieved from the Marcellus Shale. Water 
samples, including produced water and nearby surface water, were collected both before and 
after fracking activity in the area of interest for a total duration of 15 months. Although levels of 
strontium-87 and strontium-86 increased in produced water samples from hydraulic fracturing 
over time as expected, water taken from a nearby spring showed no such increases. This 
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suggested that no saline elements or brines were migrating up through the earth from the 
Marcellus Shale below in the case under study (Kolesar Kohl et al., 2014).  
There are only two reported instances of this type of contamination nationwide, and both 
have only been investigated by the EPA (Brantley et al., 2014). The first incident occurred in 
1982 in West Virginia, when a well was drilled, cased with cement and fractured less than 300 
meters (1,000 feet) from a water well. Subsequently, the water was contaminated with hydraulic 
fracturing gel, white fibers, and hydrocarbons (United States Environmental Protection Agency, 
1987). The second incident occurred in the Pavillion gas field in Wyoming, containing 169 
hydraulically fracked wells. It was investigated in 2011 by the EPA due to local resident’s 
complaints about bad taste and odors in well water. Samples taken from two installed monitoring 
wells revealed that Pavillion’s groundwater was contaminated with several petroleum 
hydrocarbons and breakdown products of fracking fluid components (DiGiulio, Wilkin, Miller, 
& Oberley, 2011). The EPA has since discontinued work at Pavilion (Brantley et al., 2014).  
Another potential route of groundwater contamination associated with unconventional 
drilling arises from issues with well casings. From 2005 to 2013, 3.4% of all Pennsylvanian 
Marcellus Shale wells received notices of violation (NOV) for casing issues. Faults with casings 
can develop if they are poorly designed for the geology, if the casing is not centered, or if 
mechanisms like channeling and shrinkage are at work (Brantley et al., 2014). In a 2018 
comparison to uncontaminated streams overtopping the Marcellus Shale, a stream close to a gas 
well known to have casing issues was found to contain hydrocarbon and strontium isotopes 
associated with the shale, suggesting contamination of groundwater was affecting the stream 
(Grieve et al., 2018). In a 2014 study of contaminated water wells close to shale gas development 
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in the Marcellus and Barnett Shales, analysis of noble gases and hydrocarbon isotopes indicated 
that no contamination occurred via migration from the target shale formation. Instead, poor 
cementation of well casings caused hydrocarbons from shallow shale formations to migrate up 
the well annulus, proceeding to contaminate groundwater. Other instances of contamination 
occurred due to direct failures and leakage in well casings (Darrah, Vengosh, Jackson, Warner, 
& Poreda, 2014).  
Surface spills and releases associated with unconventional drilling may also lead to 
groundwater contamination and are historically the most common cause of groundwater 
contamination associated with oil and gas drilling, either via direct spillage or by leakage from 
surface storage (R. E. Jackson et al., 2013; United States Environmental Protection Agency, 
2016).  A 2015 study of groundwater overtopping the Marcellus shale revealed trace levels of 
gasoline and diesel-range organics as well as hydraulic fracturing chemicals. The source of the 
contamination was determined to be surface releases and spills (Drollette et al., 2015). Hydraulic 
fracturing flowback is approved to be spread on roads for dust control in some states, but in 
Pennsylvania this is only allowed for conventional brines (United States Environmental 
Protection Agency, 2016). Application of hydraulic fracturing fluids approved for road spraying 
to a West Virginian forest in 2008 resulted in the death of over half the trees in the area (Adams, 
2011). 
1.2.4 Water Use  
 Supplying the water needs of unconventional drilling requires withdraws from surface 
and groundwater sources, with the proportion varying on location. In the Permian Basin in 
Texas, roughly 100% of the water used comes from groundwater. In the Marcellus Shale, over 
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90% comes from surface water. The amount of water used per well can vary widely from 
280,000 up to 23 million liters (74,000 to 6 million gallons), with a median amount of 5.7 
million liters (1.5 million gallons) used (United States Environmental Protection Agency, 2016).  
Large withdrawals of surface water can cause water stress and reduce streamflow, which 
may become especially problematic during naturally low-flow seasons (S. A. Entrekin et al., 
2015; Weltman-Fahs & Taylor, 2013). Reduced streamflow may lead to increased concentrations 
of constituents, which may have negative effects on aquatic communities. In a well-known case, 
elevated conductivity and chlorides in Dunkard Creek, West Virginia, promoted a bloom of 
golden algae that destroyed fish, mussel and mudpuppy populations in 2009 (United States 
Environmental Protection Agency, 2016; Wellman, Clayton, & Jernejcic, 2011). Abnormal 
reductions in streamflow may also affect connectivity of habitats, temperature, density of 
macroinvertebrates, and other factors that may impact vulnerable aquatic species (Weltman-Fahs 
& Taylor, 2013). The extraction of large amounts of water and reduction of streamflow also 
creates concern for public water resources (Gallegos, Varela, Haines, & Engle, 2015). 
1.3 Deer Lakes Park 
Deer Lakes Park is in Allegheny County, southwestern Pennsylvania. It is situated in the 
northeast section of the county, about 20 minutes away from downtown Pittsburgh by car (Figure 
7) (Riely, 2014a). The park is part of the Allegheny County park system, which encompasses 
almost 4900 hectares (12,000 acres) of land around the city of Pittsburgh (Gangewere, 1986). In 
the early 1960’s, Allegheny County announced plans to create seven small parks throughout the 
county to ease attendance pressures at the larger North and South Parks. Deer Lakes Park was 
one of the seven that was created during this time. It was intended to provide the local mining 
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communities, such as Russellton, with outdoor recreation. Land was acquired from 1958 through 
1968. The initial size of the park was roughly 405 hectares (1,000 acres), with later expansions in 
the mid-1970s bringing its size to 478 hectares (1,180 acres) spanning West Deer and Frazer 
townships. The majority of the land is located in West Deer (Gangewere, 1986; Graff, 1986; 
Riely, 2014a). 
 
Figure 7. Deer Lakes Park straddles two townships and three watersheds in northeast Allegheny 
County. 
The park was constructed in two phases. The first included the construction of picnic 
areas and two new spring-fed fishing lakes in addition to a large pre-existing one. The second 
phase added ballfields, hiking trails, and other recreational amenities (Gangewere, 1986; Graff, 
1986). The lakes are stocked with bluegill, crappy, perch, sunfish, and trout with catfish and bass 
also present. Some local residents use the fish as part of their regular diet (Gangewere, 1986). 
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Newer attractions at the park include an observatory, spray park, and disc golf course (“Deer 
Lakes Park,” n.d.). 
As with the rest of Allegheny County and Pennsylvania, Deer Lakes Park is geologically 
composed of sedimentary rocks, such as sandstone, limestones, and shales (Wagner et al., 1970). 
Of these layers, two beneath Deer Lakes Park have proven economically important for the 
materials they contain: the Upper Freeport coal bed and the Marcellus Shale (Soeder & Kappel, 
2009; Wagner et al., 1970).  
1.3.1 Upper Freeport Coal Mining 
 There are three major exploited bituminous coal beds in Allegheny County: the Redstone, 
Pittsburgh, and Upper Freeport. Of these beds, the Upper Freeport is the deepest, lying 90 to 300 
meters (300 to 1000 feet) below the surface throughout much of the county (Leighton, 1939; 
Wagner et al., 1970). Formed during the Late Carboniferous period roughly 310 million years 
ago, it is less than a meter (2 to 3 feet) thick in the southern and northwestern portions of the 
county but grows to over 2 meters (7 to 8 feet) in the northeast (Berg, McInerney, Way, & 
MacLachlan, 1993; Leighton, 1939). Beginning near Wildwood, this “Thick Freeport” bed 
extends east towards New Texas, underneath the town of Russellton as well as Deer Lakes Park 
(Leighton, 1939). Coal in the “Thick Freeport” bed occurs in two benches: a lower bed about 106 
centimeters (42 inches) thick and an upper bed of somewhat lesser quality 76 to 101 centimeters 
(30 to 40 inches) thick, separated by a 13 to 25 centimeter (5 to 10 inch) ash layer (Figure 8) 
(Leighton, 1939; Wagner et al., 1970). The “Thick Freeport” has been mined at surface 
outcroppings and via shaft mines (Leighton, 1939), including underneath Deer Lakes Park. 
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Figure 8. Rock strata of Pennsylvania. Deer Lakes Park is roughly located to the middle left (K. 
M. Carter, 2007).  
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1.3.1.1 Russellton Mine 
 The area around Deer Lakes Park was originally known as Gray’s Mill and remained 
relatively undeveloped until the turn of the 20th century. In 1884, a test hole was drilled in the 
vicinity that indicated a rich vein of coal beneath, which was the “Thick Freeport” (Graff, 1986; 
Leighton, 1939). In 1903, the Bessemer Coal and Coke Company began to construct the 
Russellton No. 1 shaft in the area. The mine began operations in 1904, and today’s town of 
Russellton grew as a location to house its workers. A second shaft, slightly south of the town – 
referred to as Russellton No. 2 – was brought online in 1917 (Figure 9).  
 
Figure 9. Russellton No. 2 in 1949 (Graff, 1986; Photo credit: Dan Angeloni).  
In 1918, Bessemer sold the Russellton shafts to Republic Iron and Steel Corporation. The 
Russellton No. 1 shaft was closed in 1924 in favor of the newer and more efficient Russellton 
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No. 2 (Graff, 1986). Three miners were killed in a roof cave in on December 1, 1970 (“3 coal 
miners are killed in Pennsylvania rock fall,” 1970). Republic sold the Russellton mine holdings 
to LTV Steel Corp. in 1981, which shut down Russellton No. 2 in October of the following year 
(Graff, 1986). BCNR Mining Corp. became the operator of the mine on January 28, 1985 with 
LTV remaining as the controller. The mine was officially abandoned on June 30, 1989 (“Mine 
overview: mine ID 3600808.,” n.d.). Deer Lakes Park is almost entirely situated on top of the 
Russellton mine (“Russellton Mine,” 1983). Signage currently at the site indicates that BCNR is 
still the operator.  
Southwest of Deer Lakes Park, a surface mine that is also called the Russellton Mine is 
currently active on the site of a former slurry pond and coal refuse dumping ground for the 
original Russellton Mine (“Mine overview: mine ID 3609314,” n.d.; Russellton Slurry Pond 3, 
1981). Two operators are listed at the site: Bedrock Mines LP and Clearfield Properties Inc. 
Bedrock Mines LP reportedly produced coal at the site between 2009 and 2013 and has idled 
since December 2014 (“Mine overview: mine ID 3609337,” n.d.). Clearfield Properties Inc. has 
been working at the site continuously since at least 2007, producing no coal (“Mine overview: 
mine ID 3609314,” n.d.). Satellite imagery illustrates major development in the area between the 
years of 2010 and 2012 consistent with mining activity (“Pond Three,” 2012). Trucks and heavy 
equipment were observed coming and going from the site on March 16, 2018. 
1.3.1.2 Creighton Mine 
 Directly abutting the Russellton Mine to the west is the Creighton Mine, for which there 
is much less information available (Figure 10). Constructed some time before 1906, by that year 
the mine was producing about 1089 metric tons (1200 short tons) of bituminous coal from the 
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“Thick Freeport” per day. The coal was “largely used for steam production and for glass 
manufacture by the company owning the mine” (Lord, 1913). This suggests that the mine was 
controlled by Pittsburgh Plate Glass as early as 1906. A map of the mine dating from 1921 and 
revised in 1956 refers to it as “The Pitts. Plate Glass Co. Creighton Coal Works” (“Creighton 
Coal Works mines and property,” 1921). This map is included in Appendix B. The mine is again 
attributed to Pittsburgh Plate Glass on a map of the Russellton Mine made in 1983 (“Russellton 
Mine,” 1983). The mine appears to be of room-and-pillar construction with collapsed areas as a 
result of retreat mining (“Creighton Coal Works mines and property,” 1921). 
According to the Mine Safety and Health Administration, the Creighton Hills Coal 
Company became the operator of the mine in late 1976 and it was abandoned on September 24, 
1980 (“Mine overview: mine ID 3606221,” n.d.). While largely outside the borders of Deer 
Lakes Park, historical mine maps strongly suggest that the Creighton Mine is interconnected with 
the Russellton Mine (Figure 11) (“Creighton Coal Works mines and property,” 1921; 
“Russellton Mine,” 1983).  
 
Figure 10. Miners in the Creighton Mine, 1927 (MSHA, 1927; Photo credit: J.J. Forbes). 
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Figure 11. The Creighton and Russellton mines meet underneath Deer Lakes Park. 
1.3.2 The Marcellus Shale 
The Marcellus is a black shale that was formed about 385 million years ago during the 
Middle Devonian period (Berg et al., 1993; “Marcellus Shale development,” 2018). At that time, 
the western portion of what is now Pennsylvania sat on the edge of what is referred to as the 
“Old Red Sandstone Continent”, home to a large river delta that flowed into a body of water 
referred to as the Appalachian Basin. The remains of this ancient delta comprise the present-day 
Catskill Mountains (Figure 12) (Potter, Maynard, & Pryor, 1981; Schwietering, 1979; Soeder & 
Kappel, 2009). An organic-laden mud was deposited by the delta and overtopped by later 
sedimentation of the Upper Devonian and Lower Mississippian periods. These sediments formed 
various black shale units while the original mud became what is now the gas-rich Marcellus 
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Shale via thermogenic mechanisms (Potter et al., 1981; Soeder & Kappel, 2009). The formation 
ranges from 15 to 60 meters (50 to 200 feet) thick and lies 610 to over 2,700 meters (2,000 to 
9,000 feet) below the surface of the earth (NETL, 2013). Permeability of the shale is very low, 
ranging from 9.869e-20 to 4.935e-19 square meters (100 to 500 nanodarcys), and it contains 
NORM (Kristin M. Carter, Harper, Schmid, & Kostelnik, 2011; Phan et al., 2015). 
The Marcellus Shale covers an area of 246,000 square kilometers (95,000 square miles), 
stretching from central New York down to West Virginia (Maloney & Yoxtheimer, 2012). This 
makes it the largest shale gas formation in the country (NETL, 2013). Over a third of its area is 
within northern and western Pennsylvania (Kristin M. Carter et al., 2011). In southwestern 
Pennsylvania, the Marcellus Shale is thermally immature and contains wet gas – heavy 
hydrocarbons such as ethane, butane and propane as well as oil. Eastern portions of the shale are 
mature and produces dry gas, like methane (Maloney & Yoxtheimer, 2012).  
 
Figure 12. The Marcellus Shale is located within the remains of the Appalachian Basin (MCOR, 
2018).   
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The Marcellus Shale has emerged as a major unconventional source of natural gas with 
improvements in drilling technology and changing economic conditions (“Marcellus Shale 
development,” 2018; Soeder & Kappel, 2009). It has been known to contain natural gas since at 
least the 1930s, when exploratory wells targeting Lower Devonian formations released 
significant quantities of gas from the shale (Kristin M. Carter et al., 2011). The first 
economically viable wells in the Marcellus Shale were drilled by Range Resources in 2005, and 
thousands more have followed since (NETL, 2013). 
1.3.2.1 Historic Drilling Activity in Deer Lakes Park 
 Drilling for oil and gas in the vicinity of Deer Lakes Park has taken place since the 
1860’s (Figure 13). The first producing well in West Deer Township was drilled in 1888. Over 
100 wells were drilled in West Deer from that time through 1916, most at a depth of 427 to 549 
meters (1400 to 1800 feet). Many produced both oil and gas, and some produced until as late as 
1984 (Graff, 1986). In accordance with this historical drilling activity, the PADEP has records of 
at least 14 old oil and gas wells drilled within the boundaries of Deer Lakes Park. All are of 
unknown age, depth and purpose (Figure 14). It has been estimated that roughly 325,000 oil and 
gas wells have been drilled in Pennsylvania. Of those, over 200,000 are not cataloged. Additional 
wells may be present within the park besides the 14 on record (Pennsylvania Department of 
Environmental Protection, 2018).  
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Figure 13. Drilling in West Deer in the early 1900s (Graff, 1986; Photo credit: Leonard 
Monnier).   
 
 
Figure 14. Known oil and gas wells located in and around Deer Lakes Park. 
 - 36 - 
 
1.3.2.2 Development of Unconventional Shale Gas Drilling Beneath the Park 
 Drilling underneath public parks has been discussed by Allegheny County officials for 
over a decade. In June 2013, the county announced that it had been meeting with gas companies 
over the idea, and that it was involved in talks with Range Resources and Huntley & Huntley 
about a possible deal for the drilling rights under Deer Lakes Park (Kerlik & Puko, 2013). 
According to spokespeople from Range Resources and Huntley & Huntley at the time, while the 
gas underneath Deer Lakes Park was simply methane, its easy accessibility from outside the park 
via horizontal drilling and proximity to a natural gas pipeline made it desirable for production. It 
was claimed that the wells could produce for 30 to 40 years, with roughly half of total production 
occurring within the first eight (Aupperlee, 2014a; Kerlik & Puko, 2013).    
 An early proposal from the gas companies to the county in 2013 included a one-time 
bonus of $3,000 USD per acre of the park (about $3.5 million USD) and a 17% royalty rate. 
Negotiations of the final lease were conducted privately, with the involvement of County 
Executive Rich Fitzgerald. Fitzgerald voiced hopes to use some of the money to rehabilitate Deer 
Lakes Park, in which multiple facilities had fallen into disrepair (Figure 15) (Crompton, 2013). 
On March 17, 2014, Fitzgerald announced that a final agreement had been reached with Range 
Resources and Huntley & Huntley. It consisted of a 4.7 million USD bonus payment, a royalty 
rate of 18%, and a 3 million USD payment to be used for improvements to the county park 
system (Riely, 2014b). In the five-year lease agreement, surface drilling within the park was 
prohibited. Extraction would be conducted via horizontal wells drilled from outside its 
boundaries. Surface water testing was required within 1067 meters (3,500 feet) of the proposed 
well site, with water testing mandated both before and after drilling. Other stipulations of the 
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lease addressed noise and light pollution, interference with school bus traffic, and the repair of 
impacted roads after drilling (“Non-surface use oil and gas lease,” 2014). On May 7th, 2014, the 
Allegheny County Council voted 9–5 to approve the proposed gas lease (found in Appendix I). 
On May 15th, Fitzgerald signed the ordinance to allow the work to commence (Riely, 2014c; 
Riely & Webner, 2014). The ordinance is contained in Appendix J.   
 
Figure 15. An abandoned restroom in Deer Lakes Park, since demolished, in November 2016. 
 There was some resistance to this plan. County residents against the drilling were present 
at several county council meetings during the process of negotiating the lease. The main concern 
of those opposed was the protection of public land from industrial development and pollution 
(Riely, 2014b). During the seven-hour debate before the Allegheny County Council’s vote on the 
plan, most of the speakers opposed it. When the Council voted in favor some chanted “Shame! 
Shame! Shame!” and left the room singing “This Land is Your Land” (Nicotra, 2014; Reid, 
2014). Councilman Nicholas Futules, who voted in favor of the lease, cursed out a constituent. 
Councilwoman Sue Means, who voted against, stated that the lease violated the state constitution 
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(Reid, 2014; Riely & Webner, 2014). Councilman Futules, who was chair of the Council’s Park 
Committee at the time, was later investigated by the State Ethics Commission for a possible 
violation of ethics laws as he had an active gas lease with Huntley & Huntley at the time of the 
Council’s vote. The investigation was eventually dropped (Aupperlee, 2014b).       
Range Resources planned on drilling under the park from three separate wellpads. However, 
the only wellpad active underneath the park as of May 2018 is the Gulick Pad, located 244 
meters (800 feet) east of the park’s boundary on land owned by Ken and Kris Gulick (Massaro, 
2014; “PA Shale Viewer,” 2018; Riely, 2014a). As work commenced at the Gulick pad in the 
summer of 2015, Range Resources offered $500 to the owners of adjacent properties in exchange 
for their signing an agreement not to sue the company for noise and dust pollution, as well as 
increased traffic (Figure 16) (Ferral, 2015).  
 
Figure 16. Construction of the Gulick wellpad access road in June 2015.  
 - 39 - 
 
Over 2 million USD have been invested into renovations at Deer Lakes Park using money 
from the county’s lease with Range Resources. These improvements include the construction of 
what is now the largest playground in the Allegheny parks system, stormwater runoff systems, 
restrooms, and landscaping improvements. Vegetation in the park’s lakes has also been managed 
to improve their health (“Deer Lakes Park upgrades, new features celebrated,” 2017). 
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Chapter 2: Hypotheses and Experimental Design 
2.1 Hypotheses 
Two primary hypotheses were devised: 
H1. The presence of unconventional laterals beneath the park would have little to no impact 
on the park’s waters, based on a review of current literature and the depth of the wells 
drilled.  
H2. Other factors associated with the drilling activity would influence the water quality at 
Deer Lakes (such as disturbance of the existing system of abandoned mines, introduction 
of new contaminants into the mines, or leakage from a faulty well casing near the 
surface).   
2.2 Experimental Design 
 The primary objective of the project was to determine whether the water quality at Deer 
Lakes Park was being adversely affected by the drilling, and if so, by what conduit. Experimental 
design supported this objective with the following secondary goals: 
1. Establish consistent monthly water quality monitoring at Deer Lakes Park in major water 
bodies and streams.  
2. Collect monthly water samples before, during and after the planned unconventional 
drilling and HVHF. 
3. Collect additional water samples as needed from locations of interest. 
4. Analyze water samples to obtain anion, cation, total organic carbon (TOC), and volatile 
organic carbon (VOC) data. 
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5. Gain a comprehensive understanding of historical extractive activities beneath Deer 
Lakes Park. 
6. Obtain state records and information on the natural gas drilling beneath Deer Lakes Park.  
7. Demonstrate via mapping the spatial relationships between Deer Lakes Park and its 
waters, past extractive activities, and current natural gas extraction initiatives.  
8. Explore possible chemical relationships between the waters of Deer Lakes Park, past 
extractive activities, and present natural gas extraction initiatives via the graphing of 
chemical ratios. 
9. Examine chemical trends in sample data to identify potential correlations.  
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Chapter 3: Materials and Methods 
3.1: Sample Locations 
 Surface waters were sampled inside and outside the park. Seven main locations were 
sited within the park: Streams 1, 2, 3, and 4 and Lakes 1, 2, and 3. Additional samples were 
collected at other locations within the park when notable changes were observed on site, such as 
the appearance of mine drainage or suspicious foam (Figures 17-18; Table 2). Samples at all 
locations were collected on site while wearing nitrile gloves. At most locations, samples were 
collected directly by hand via dipping bottles into the water. However, for samples collected at 
Lakes 2 and 3, a glass-jar sampling pole was used to collect a bulk quantity of water that was 
then divided among the sample jars.  
 
Figure 17. Sampling locations in and around Deer Lakes Park (See Appendix E for a larger 
version).  
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Figure 18. The seven main sampling locations within Deer Lakes Park on March 16th, 2018. 
 
STREAM 4 
LAKE 3 
STREAM 1 
STREAM 2 
STREAM 3 
LAKE 1 (Dam Spillway) 
LAKE 2 
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Table 2: Major Sampling Locations 
Reference Name Latitude Longitude 
Foam Area 1  40.617917 -79.818117 
Foam Area 2  40.617383 -79.819083 
Foam Area 3  40 37.211 -79 49.297 
Lake 1  40.620183 -79.821617 
Lake 2  40.6222 -79.823817 
Lake 3  40.62 -79.828067 
Little Deer Creek N. 40.60486 -79.82913 
Little Deer Creek S. 40.60333 -79.82872 
Local Spring 40.606525 -79.79783 
Marsh  40.61767 -79.82007 
Stream 1  40.617733 -79.81745 
Stream 2  40.62685 -79.816833 
Stream 3  40.620983 -79.809067 
Stream 4  40.6321 -79.810867 
 
3.2 Sample Collection 
Three types of container were used for collection at each sample location: a sterile 1-liter 
French square bottle, a 50-milliliter glass bottle containing 8 drops of 10 molar nitric acid, and a 
pair of amber 40-milliliter VOA butyl septa vials. Samples taken in the French square bottle 
were employed in anion analysis via ion chromatography (IC). Samples from the 50-milliliter 
acidified bottle were used in cation analysis via inductively coupled plasma mass spectrometry 
(ICP-MS). The butyl vials were used for VOC analysis via gas chromatography – mass 
spectrometry (GC-MS). For this reason, samples collected in the butyl vials were left without 
headspace. At the time of collection, each jar was labeled with the sampling location, date, time, 
and the initials of the sampler. At the same time as sample collection, in-field analysis was 
conducted with a YSI Professional Plus handheld multimeter equipped with a Quatro cable 
(Figure 19) (YSI Incorporated, Yellow Springs, OH). Once collected, samples were kept on ice 
in the field and later chilled at 4ºC (39.2°F). Locations were taken at each sampling site with a 
Garmin GPSmap 62s (Garmin Ltd., Olathe, Kansas).  
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Figure 19. Standard equipment for one sampling location. 
3.3 Chemical Analysis 
 Water samples were subjected to multiple analyses, chosen to provide the most complete 
chemical picture possible (Table 3). These analyses took place in the field, the Stolz Lab at 
Duquesne University, the Bain Lab at the University of Pittsburgh, and the independent lab 
VaporTech Services (Valencia, PA).  
Table 3: Standard Chemical Analyses Used 
Analysis Instrument Analytical Method Location 
Field Handheld multimeter - On site 
Anions IC  EPA Method 300.0 Stolz Lab 
Cations ICP-MS EPA Method 200.8, Revision 5.4 Bain Lab 
VOCs GC-MS WA1, RSKSOP-175 VaporTech 
3.3.1 Field Analysis 
 Simultaneously with the collection of water samples, the YSI was used on site to take 
initial measurements of pH, temperature, dissolved oxygen, and specific conductivity (Table 4). 
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Calibration was carried out in the lab prior to each sampling trip. At each sampling site, the YSI 
sampling cup was filled with water, affixed to the Quatro attachment, and allowed to normalize 
while the sampling process was completed. Results were recorded after sampling at the site was 
complete. No replicate measurements were taken. 
Table 4: YSI Field Analysis Parameters 
Analyte Instrument Range Units Calibration Solution 
Temperature -5 – 70  °C - 
Dissolved oxygen (DO)  0 – 500     % Deionized water 
Dissolved oxygen 0 – 50  mg/L  Deionized water 
pH 0 – 14  - 4.0, 7.0, and 10.0 buffer 
solutions (Thermo Fisher 
Scientific, Waltham, MA)  
Pressure 375 – 825 mmHg - 
Specific conductance (SpC) 0 – 200,000 µS/cm 1000 µS/cm standard solution 
(YSI Incorporated) 
Conductivity 0 – 200,000 µS/cm 1000 µS/cm standard solution 
(YSI Incorporated) 
TDS (calculated from SpC) - mg/L  - 
3.3.2 Anion Analysis 
 Ion chromatography was carried out for anion analysis in accordance with EPA Method 
300.0 in the Stolz Lab at Duquesne University (Table 5) (Pfaff, 1993). Removal of suspended 
solids prior to analysis was carried out via filtration with 0.45 µm PES (VWR International, 
Bridgeport, NJ) and Dionex OnGuard II M (Dionex, Sunnyvale, CA) filters. Five mL of each 
sample were then deposited in Dionex polyvials, which were placed in a Dionex AS-DV auto-
sampler. The auto-sampler delivered the samples to a Dionex ICS-1100 Ion Chromatography 
System (ICS), which was equipped with a conductivity cell and UV/VIS detector. Anion 
separation was achieved using a Dionex IonPac AS22A Carbonate Eluent Anion-Exchange 
Column (2 x 250, 6.5 µm particle diameter) and a Dionex IonPac AG22 Guard Column (2 x 50 
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mm) in conjunction with a Dionex ASRS-300 Anion Self Regenerating Suppressor.  Dionex 
Chromeleon 7 software was used for control and data collection.  
Standard Quality Assurance / Quality Control (QA/QC) measures were taken. The ICS 
was calibrated over five points for all target anions. Standards were prepared by diluting 1000 
mg/L certified standard solutions (Honeywell International Inc., Morris Plains, NJ) by mass with 
Type 1 reagent grade deionized water. Eluent was prepared with Type 1 reagent grade deionized 
water and Dionex AS14A 100x eluent concentrate.  
Table 5: IC Analytes and Detection Limits 
Anion Chemical Formula Minimum Detection Limit (ppm) 
Fluoride F 0.035 
Chloride Cl  0.01 
Nitrite NO2 0.02 
Bromide Br 0.05 
Nitrate NO3 0.045 
Phosphate PO4 0.05 
Sulfate SO4 0.05 
Note. Information adapted from (Cantlay, Eastham, et al., n.d.) 
3.3.3 Cation Analysis  
 An ICP-MS in the Bain Lab at the University of Pittsburgh was used for cation analysis 
in accordance with EPA Method 200.8, Revision 5.4 (Table 6) (Creed, Brockhoff, & Martin, 
1994). Preparation of samples for analysis involved filtration with a 0.45 µm PES filter (VWR 
International) and dilution with sub-boil distilled 2% nitric acid. Samples were handled by a 
PerkinElmer S10 auto-sampler (PerkinElmer Inc, Waltham, MA), which delivered them to a 
PerkinElmer NexION 300x ICP-MS for analysis. PerkinElmer Syngistix software was used for 
control and data collection.   
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As before, standard QA/QC measures were taken. Standards and blanks were run in a 
five-point calibration before and after samples were analyzed, and every seventh sample was run 
as a duplicate to safeguard against drift. Internal standards of beryllium, germanium, and 
thallium were added to every sample to further monitor instrument performance.  
Table 6: ICP-MS Analytes and Detection Limits 
Cation Chemical Symbol Minimum Detection Limit (ppb) 
Lithium Li 0.088 
Boron B 2.533 
Sodium Na 0.527 
Magnesium Mg 3.504 
Aluminum Al 2.571 
Silicon Si 29.5 
Phosphorous P 2.098 
Potassium K 2.051 
Calcium Ca 2.464 
Titanium Ti 0.171 
Vanadium V 2.182 
Chromium Cr 0.097 
Manganese Mn 0.897 
Iron Fe 1.509 
Cobalt Co 0.133 
Nickel Ni 0.140 
Copper Cu 2.272 
Zinc Zn 1.202 
Arsenic As 0.239 
Selenium Se 0.566 
Rubidium Rb 0.002 
Strontium Sr 0.100 
Molybdenum Mo 0.096 
Silver Ag 0.8 
Cadmium Cd 0.021 
Tin Sn 0.243 
Antimony Sb 0.024 
Barium Ba 0.521 
Tungsten W 0.004 
Lead Pb 0.028 
Uranium U 0.030 
Note. Information adapted from (Cantlay, Bain, Curet, et al., n.d.) 
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3.3.4 VOC Analysis 
 All samples were stored at 4°C (39.2°F) until they could be delivered to the independent 
lab VaporTech Services. Delivery was performed within a week of sample collection. Upon 
delivery, a chain of custody form was used for QA/QC. VaporTech was certified by the PADEP 
Bureau of Laboratories for methods WA1 and RSKSOP-175 and utilized a gas chromatography 
system for analysis (Table 7). This system was equipped with a flame ionization detector and a 
thermal conductivity detector.  
 VaporTech was sold to Pace Analytical Services, LLC (Minneapolis, MN) in November 
2017 and ceased sample analysis on December 1, 2017. Following that date, VOC analysis 
ceased as no suitable alternative service was identified before the conclusion of the project.   
Table 7: VOC Analytes and Practical Quantitation Limits 
Light Hydrocarbon Chemical Formula Practical Quantitation Limit (µg/L) 
Methane CH4 0.20 
Ethane C2H6 0.01 
Ethene C2H4 0.01 
Propane C3H8 0.02 
Propylene C3H6 0.02 
Butane C4H10 0.03 
Note. Information provided by VaporTech Services. 
3.3.5 Surfactant Analysis  
 Samples of foam taken within the park were delivered to the lab of Dr. Frank Dorman, 
Associate Professor of Biochemistry and Molecular Biology, at The Pennsylvania State 
University. In the Dorman lab, surfactant analysis was carried out. Comprehensive 2D gas 
chromatography coupled to time-of-flight mass spectrometry (GCxGC-TOFMS) was performed 
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with a Pegasus system (LECO Corporation, Saint Joseph, MI) (Llewellyn et al., 2015). The 
resulting chromatograms were delivered to the Stolz lab via email.  
3.4 Information Management and Analysis 
 All sample data was stored within a spreadsheet in Microsoft Excel and assigned an 
identification number (referred to as an MS number). Additional information on the Gulick pad 
was obtained via file requests to the Pennsylvania Department of Conservation and Natural 
Resources (PADCNR) and the PADEP; Information on historic resource extraction and other 
activities in the area as well as basic geographical information were obtained from established 
government sources such as USGS and USDA online data portals.  
3.4.1 Analyte Ratios 
 Chemical ratios were calculated in Microsoft Excel and plotted using Origin 2018b 
software (OriginLab Corporation, Northampton, MA). These ratios were plotted alongside 
results from previous investigations to understand similarities and trends. This technique is used 
to understand if samples are most similar to oil and gas brines, acid mine drainage, or unpolluted 
waters (Cantlay, Bain, & Stolz, n.d.). 
3.5.2 Geographic Information Systems 
 Geographic information, historical extraction activities, the Gulick pad, and coordinates 
of sampling sites were all plotted in ArcGIS 10.6 (ESRI, Redlands, CA). Maps generated in 
ArcGIS were used to define spatial relationships and draw correlations between sampling sites 
and other features.      
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Chapter 4: Results  
4.1 Unconventional Extraction Activities   
 All unconventional extraction activities under Deer Lakes Park to date have originated 
from the Gulick wellpad (Figure 20). In total, five wells extend northwest underneath the park. 
All were begun on July 17th, 2015 (Figure 21). An additional four wells were drilled from the 
pad beginning in late October 2017 (“PA DEP oil & gas reporting website,” n.d.). These wells 
were directed southwest, in the opposite direction of the park. Every well on the pad has a true 
vertical depth of 2141 meters (7025 feet) except for 11H, which has a true vertical depth of 2120 
meters (6956 feet) (Table 8). This may be because the 11H lateral intersects with the lateral for 
well 4H. The two laterals cross each other roughly 21 meters (70 feet) apart (Misak, 2017; 
Vozel, 2014a, 2014b, 2014c, 2015a, 2015b, 2015c, 2015d, 2015e).  
 
Figure 20: Gas producing units on the Gulick wellpad on July 9th, 2018 (Steingrabe, 2018). 
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Table 8: Wells Originating from the Gulick Wellpad 
Well 
Number 
Well API 
Number 
Spud Date 
Lateral Length  True Vertical Depth  Under Deer 
Lakes Park 
Feet  Meters Feet Meters 
1H 003-22327 7/17/2015 7645 2330.196 7025 2141.22 Yes 
2H 003-22462 10/31/2017 4582 1396.594 7025 2141.22 No 
3H 003-22463 10/31/2017 2997 913.4856 7025 2141.22 No 
4H 003-22464 10/30/2017 2590 789.432 7025 2141.22 No 
5H 003-22328 7/17/2015 7537 2297.278 7025 2141.22 Yes 
6H 003-22329 7/17/2015 9981 3042.209 7025 2141.22 Yes 
7H 003-22332 7/17/2015 10309 3142.183 7025 2141.22 Yes 
9H 003-22333 7/17/2015 10290 3136.392 7025 2141.22 Yes 
11H 003-22465 10/31/2017 3351 1021.385 6956 2120.189 No 
Note. Information adapted from (Misak, 2017; Vozel, 2014a, 2014b, 2014c, 2015a, 2015b, 2015c, 2015d, 2015e) 
4.1.1 Obtaining Data on Unconventional Activities 
 Information on unconventional activities at the Gulick pad was gathered through several 
means over an extended period. During every sampling excursion, a drive by was performed on 
the wellpad and documentary video taken to catalog any changes to the site visible from the 
road. Well plats were obtained via personal communication with staff at the PADCNR. These 
plats contained basic information about each well on the Gulick pad including lateral length, 
depth, and wellhead location (Misak, 2017; Vozel, 2014a, 2014b, 2014c, 2015a, 2015b, 2015c, 
2015d, 2015e). Information on each well’s production of gas and waste was found on the 
PADEP Oil and Gas Reporting website, to which gas companies are legally required to divulge 
the data (“PA DEP oil & gas reporting website,” n.d.).  
Finally, a file review was scheduled and attended at the PADEP Southwest Regional 
Office on Friday, September 7th, 2018. This review was intended to obtain full completion 
reports for the wells as well as records of violations and site inspections. At the time of writing, 
only two completion reports were available from the PADEP  – for wells 6H and 7H 
(Completion report - Well 6H, 2016; Completion report - Well 7H, 2016). The completion 
reports are contained in Appendices D and E, respectively. These documents, combined with 
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PADEP online records and on-site observations, provide a partial record of activities on the 
Gulick pad. While information on drilling, water usage and stimulation is not available for wells 
besides 6H and 7H, it is inferred that similar casings, chemicals, and techniques were used in 
their construction. 
 
Figure 21: Five of the nine wells on the Gulick pad extend beneath Deer Lakes Park. 
4.1.2 Wellpad Construction and Drilling 
 On June 11th, 2015, it was observed that the Gulick wellpad access road was still under 
construction. By July 2nd, the access road had been completed in gravel and was at least partially 
paved by August 4th.  
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In alignment with the completion of the access road, records show that the drilling of 
wells 6H and 7H commenced on July 17th, 2015. The wells encountered the Upper Freeport coal 
seam at 132 and 133 meters (434 and 435 feet), respectively. Well 6H travelled through the seam 
for 1.8 meters (six feet) while well 7H travelled through it for 3.7 meters (twelve feet). Well 6H 
encountered fresh water in the coal seam. Both wells encountered gas at five separate depths 
prior to contacting the Marcellus Shale, starting at a depth of 628 meters (2060 feet). No oil was 
encountered in either well. Well 6H reached the Marcellus Shale at a depth of 2064 meters (6771 
feet), while 7H reached it at a depth of 2380 meters (7810 feet). Well 6H was completed on 
October 26th, 2015, and well 7H was completed on November 20th. Both wells were drilled by 
Patterson (Houston, TX) (Well record - Well 6H, 2015; Well record - Well 7H, 2015).   
4.1.2.1 Casings Used 
 Both 6H and 7H had five casings installed. These included a 66 centimeter (26”) 
conductor casing, a 50.8 centimeter (20”) surface casing, a 34 centimeter (13 3/8”) coal protected 
casing, a 24.4 centimeter (9 5/8”) intermediate casing, and a 14 centimeter (5 1/2”) production 
casing. The source of the casings was US Steel (Pittsburgh, PA). Halliburton (Houston, TX) ran 
the production casings while Universal Well Services (Meadville, PA) ran the other four (Well 
record - Well 6H, 2015; Well record - Well 7H, 2015).  
4.1.2.2 Perforation  
 Perforation of well 6H was performed from January 8th to February 11th, 2016. 2816 
meters (9,240 feet) were perforated in 47 stages, with 45 perforations per stage (Completion 
report - Well 6H, 2016). The perforation of well 7H ran from January 6th to February 10th, 2016 
with (2884 meters) 9,463 feet perforated in 48 stages. All except Stage 1 had 45 perforations per 
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stage; Stage 1 had 90 perforations (Completion report - Well 7H, 2016). Perforation of both 
wells was performed by SureFire Wireline, LLC (Kittanning, PA) (Completion report - Well 6H, 
2016; Completion report - Well 7H, 2016).   
4.1.2.3 Hydraulic Fracturing 
 Hydraulic fracturing of well 6H was performed in 47 stages from January 24th to 
February 11th, 2016 (Completion report - Well 6H, 2016). Stimulation of well 7H occurred from 
January 23rd to February 11th, 2016 and was done in 48 stages (Completion report - Well 7H, 
2016). The stimulation of both wells was performed by Calfrac Well Services Corp. (Denver, 
CO) and used a similar mix of additives (Table 9). Ottawa sand was the proppant type used for 
both wells (Completion report - Well 6H, 2016; Completion report - Well 7H, 2016). 
4.1.3 Water Consumed  
 Multiple sources were used to provide water for the stimulation of wells 6H and 7H 
(Table 10). Much of the water came from municipal and industrial water sources, but the Ohio 
and Allegheny Rivers were also used to a significant degree. On average, wells 6H and 7H used 
13,684.21 liters (3,615 gallons) of water per meter of lateral for stimulation. Using this average, 
the estimated water total water consumption for the stimulation of every well on the Gulick pad 
is 247,262,163.76 liters (65,319,753 gallons). 
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Table 9: Well 6H Stimulation Fluid Additives 
Trade Name Purpose Ingredients CAS# Percentage of 
total base fluid 
Water Base fluid and mix 
water 
Water 7732-18-5 90.34046 
Sand Proppant    
DAP-925 Acid corrosion 
inhibitor 
   
DWP-602 Friction reducer    
DWP-621 Friction reducer    
DWP-641 Friction reducer    
DWP-NE1 Non-emulsifier    
Hydrochloric Acid Cleans perforations    
  Crystalline silica 14808-60-7 9.20875 
  2-Propenoic acid, polymer with 2-
propenamide, sodium salt 
25987-30-8 0.02358 
  Acrylamide 79-06-1 0.00007 
  Alcohols, C12-14, ethoxylated 84133-50-6 0.00002 
  Alcohols, C14-15, ethoxylated 68951-67-7 0.00011 
  Alkenes, C>10 a- 64743-02-8 0.00002 
  Amines, tallow alkyl, ethoxylated 61791-26-2 0.00004 
  Ammonium chloride 12125-02-9 0.00044 
  Apatite 64476-38-6 0.00637 
  Biotite 1302-27-8 0.00637 
  Calcite 471-34-1 0.00677 
  Diallyldimethylammonium chloride 7398-69-8 0.00064 
  Dimethylcocoamine, bis(chloroethyl) ether, 
diquaternary ammonium salt  
68607-28-3 0.00516 
  Fatty acids, tall-oil 61790-12-3 0.00011 
  Formaldehyde 50-00-0 0.00000 
  Goethite 1310-14-1 0.00702 
  Hydrochloric acid 7647-01-0 0.30371 
  Illite 12173-60-3 0.01634 
  Ilmenite 98072-94-7 0.00605 
  Isopropanol 67-63-0 0.00516 
  Isolridecyl alcohol, ethoxylated 78330-21-9 0.00189 
  Methanol 67-56-1 0.00189 
  Modified thiourea polymer 68527-49-1 0.00011 
  Paraffinic hydrocarbon solvent 64742-47-8 0.02884 
  Poly(acrylamide and adam methyl chloride) 69418-26-4 0.00144 
  Polymer 26100-47-0 0.00161 
  Polyethylene glycol monooleate 9004-96-0 0.00011 
  Propargyl alcohol 107-19-7 0.00004 
  Sodium acetate 126-96-5 0.00118 
  Sodium chloride 7647-14-5 0.00000 
  Sorbitan monooleate 1338-43-8 0.00321 
  Sorbitan monooleate, ethoxylated 9005-65-6 0.00319 
  Sorbitol tetraoleate 61723-83-9 0.00007 
5-3886, 8-2554, 588-2 Scale inhibitor, 
nitrate reducing 
bacteria, and 
bacterial nutritional 
supplement 
   
  Water 7732-18-5 0.00786 
  Sodium chloride 7647-14-5 0.00010 
  Monopotassium phosphate 7778-77-0 0.00000 
  Yeast Extract 8013-01-2 0.00001 
  Sodium nitrate 7631-99-4 0.00001 
  Sodium acetate anhydrous 127-09-3 0.00001 
  Sodium lactate syrup 60% sodium salt 72-17-3 0.00000 
  Calcium nitrate tetrahydrate 13477-34-4 0.01080 
5-3886, 8-2544, 588-2 Scale inhibitor, 
nitrate reducing 
bacteria, and 
bacterial nutritional 
supplement 
   
  Non-hazardous Solvent Package Proprietary 0.00039 
  Neutralized polycarboxylic acid Proprietary 0.00008 
Note. Information adapted from (Completion report - Well 6H, 2016) 
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Table 10: Water Sources for Stimulation of Wells 6H and 7H 
List Water Management 
Plan Sources 
Water 
Management 
Plan ID 
Well 6H Volume Used Well 7H Volume Used 
Gallons Liters Gallons Liters 
Ohio River Source 19 4,032.00 15,262.73 4,032.00 15,262.73 
Reserved Environmental 
Services – T-Treated 
Source 27 928,146.00 3,513,403.87 928,146.00 3,513,403.87 
Allegheny River – 
Springdale Borough 
Source 24 1,964,711.00 7,437,217.02 1,964,711.00 7,437,217.02 
Harrison Township Water 
Authority – Rock Run 
Enterprises 
Source 50 2,019,731.00 7,645,489.73 2,019,731.00 7,645,489.73 
Fawn-Frazier Joint Water 
Authority – Frazier 
Township 
Source 41 1,806,188.00 6,837,144.06 1,806,188.00 6,837,144.06 
Pennsylvania American 
Water Co. Butler – 
Limbacher Lane 
Source 66695 1,255,490.00 4,752,531.85 1,837,514.00 6,955,725.50 
Recycled Water - 2,910,756.00 11,018,375.76 2,910,756.00 11,018,375.76 
Total Water Used 10,889,054.00 41,219,425.01 11,471,078.00 43,422,618.66 
 Note. Information adapted from (Completion report - Well 6H, 2016; Completion report - Well 7H, 2016) 
4.1.4 Wastes Produced  
 Wastes were produced at the Gulick pad beginning in the summer of 2015 and continue 
to be generated up to the most current reporting period available (November 2018). These wastes 
were reported to the PADEP in multiple categories that covered both solid and liquid wastes. 
Three waste categories – Drilling Fluid Waste, Fracturing Fluid Waste, and Produced Fluid – 
were reported in both solid and liquid quantities (Table 11). Production of waste was highest 
during drilling and stimulation. While production of solid wastes tapered off to almost nothing 
after well construction, each well appears to be constantly producing a constant low-level stream 
of liquid waste. To date, 52,713,612.53 liters (13,925,463 gallons) of liquid waste and 8,975.84 
metric tons (9,894 tons) of solid waste have been produced at the Gulick wellpad.  
Note. Information adapted from (“PA DEP oil & gas reporting website,” n.d.) 
Table 11: Reporting Categories for Gulick Wastes 
Reported as Solid Reported as Liquid Reported as Both 
Drill Cuttings Other Oil and Gas Wastes Drilling Fluid Waste 
Filter Socks  Fracturing Fluid Waste 
Soil Contaminated by Oil and Gas Related Spills  Produced Fluid 
Synthetic Liner Materials   
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Waste reporting from July 2015 through December 2016 was performed in six-month 
intervals only. From January 2017 forward, reporting was performed monthly for each well. It is 
unclear what prompted this change in reporting. For consistency’s sake, figures presented here 
will be constructed in six-month intervals for waste. 
The first five wells to go in – 1H, 5H, 6H, 7H, and 9H – report the highest amounts of 
liquid waste (Figure 22). They are the only wells to report fracturing fluid waste, the majority of 
which is reported in liquid form. Small amounts are registered as solid waste. Wells 2H, 3H, 4H, 
and 11H do not report fracturing fluid waste at all and have much lower totals for the amount of 
liquid waste produced overall. It is unclear if this is a consequence of the wells having shorter 
laterals, or if the omission of fracturing fluid waste from their reporting was for some other 
reason. The largest portion of liquid wastes at the Gulick wellpad is produced fluid, making up 
66% of the total to date. Next-largest is fracturing fluid waste, contributing 26%. Drilling fluid 
waste and other oil and gas wastes contribute 5% and 3%, respectively (Figure 23).  
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Figure 22: Liquid wastes from wells at the Gulick wellpad through November 2018 (“PA DEP 
oil & gas reporting website,” n.d.). 
Figure 23: Total liquid wastes from wells at the Gulick wellpad through November 2018 (“PA 
DEP oil & gas reporting website,” n.d.) 
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Amounts of solid waste reported are more consistent across all wells (Figure 24). Wells 
1H, 5H, 6H, 7H and 9H report small amounts of produced fluid and fracturing fluid waste as 
solid, while wells 2H, 3H, 4H and 11H report small amounts of drilling fluid waste as solid. As 
before, it is unclear if this reporting inconsistency is due to error or some other factor. The 
majority of solid waste is accounted for by drill cuttings, which make up 94% of the total. The 
next largest portion of solid waste, at 3% is fracturing fluid waste. Produced fluid, soil 
contaminated by oil and gas related spills, and synthetic liner materials each account for an 
additional 1%. Drilling fluid waste and filter socks both make up less than 1% of the total 
amount of solid waste (Figure 25).  
Figure 24: Solid wastes from wells at the Gulick wellpad through November 2018 (“PA DEP oil 
& gas reporting website,” n.d.). 
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Figure 25: Total solid wastes from wells at the Gulick wellpad through November 2018 (“PA 
DEP oil & gas reporting website,” n.d.) 
All wells appear to gravitate towards reporting the same numbers for waste as time goes 
on. While waste production reported for each well during drilling and stimulation was different, 
during times of inactive construction each well is reported as generating the same amount of 
waste (Figure 26). For example, in the period from July to November 2018, each of the nine 
wells on the pad reported the production of 5.99 metric tons of solid waste and 614,818 liters of 
liquid waste (Figure 27).  
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Figure 26: Solid waste production on the Gulick pad, six-month intervals (“PA DEP oil & gas 
reporting website,” n.d.). 
Figure 27: Liquid waste production on the Gulick pad, six-month intervals (“PA DEP oil & gas 
reporting website,” n.d.). 
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Amount of waste produced is inconsistent from well to well. For example. Well 7H 
possesses the longest lateral on the pad, at 3,142.2 meters (10309 feet), while 3H possesses the 
second shortest at 913.5 meters (2997 feet). In other words, the 3H lateral is 29.3% as long as the 
7H lateral. Both wells have the same true vertical depth. This percentage is somewhat supported 
by well 3H producing 40% of the amount of liquid waste produced by well 7H. However, well 
3H produced 104.8% of the solid waste produced by well 7H. Given the massive length 
difference between these two wells, it is unclear why their ratios of solid and liquid waste are so 
different.  
4.1.5 Natural Gas Production 
 Unlike waste production, production of natural gas was reported monthly. Each well 
began to produce 7 to 9 months after its spud date. Four wells – 1H, 5H, 6H and 7H – began 
production in March 2016. Well 9H began the month after, in April 2016. These five wells 
account for all the drilling performed under Deer Lakes Park. It took two years for the remainder 
of the wells at the Gulick pad to start producing. Wells 2H and 3H came online in May 2018, 
while 4H and 11H began producing in June 2018.  
All wells except 4H and 11H exhibited similar behavior when brought online. Production 
at the wells started at a lower level, spiked upwards briefly, then began a gradual decline. As the 
exceptions, wells 4H and 11H began at their highest level to date and immediately began to 
decline. Well 7H has maintained the highest production of the wells drilled under Deer Lakes 
Park, while wells 2H and 3H track close to each other for highest production among the new 
wells (Figure 28). 
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Figure 28: Production by month of all wells on the Gulick pad (“PA DEP oil & gas reporting 
website,” n.d.) 
Collectively, the five wells beneath Deer Lakes Park have produced a total of 
30,971,869.91 Mcf of natural gas as of November 2018. The month of highest production for the 
wells was August 2016, with 1,527,674.85 Mcf of gas produced. Since that month, production 
steadily declined until a steep drop in June of 2018, resulting in a per-month low of 144,876.74 
Mcf produced. This steep drop coincided with the four new wells coming online and may have 
been due to a deliberate shutdown during that process. Through September of that year, 
production rebounded briefly and then began to decline again (Figure 29).  
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Figure 29: Total production under Deer Lakes Park by month (“PA DEP oil & gas reporting 
website,” n.d.) 
4.1.6 Violations 
 Following a July 6th, 2018 inspection, the PADEP issued a Notice of Violation (contained 
in Appendix H) to Range Resources citing a breach of 15 PA. Code §78a.64(b) for failing to 
provide sufficient secondary containment capacity around well 11H. The inspection noted new 
gravel around the gas producing unit and a red waste container on site, presumably holding 
contaminated material (Figure 30). Range Resources responded to the Notice of Violation with a 
request for its withdrawal, claiming that the wellhead did not produce oil or condensate, thus 
exempting it from §78a.64(b).  
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Figure 30: Red waste container at the Gulick pad, on July 9th, 2018 (Steingrabe, 2018). 
4.2 Hydrogeologic Analysis 
 Deer Lakes Park is located within HUC 05010009, designated by the U.S. Water 
Resources Council as the Lower Allegheny Cataloging Unit of the Allegheny Subregion (0501). 
The Allegheny Subregion resides within the Ohio Region (05) (“USGS water resources links for: 
05010009 - Lower Allegheny,” 2017). The park is located at a local high point. All 478 hectares 
(1,180 acres) that it comprises drain into the Allegheny River. Two major streams have origins in 
the park: Little Deer Creek and Bailey Run. Little Deer Creek flows south to join Deer Creek, 
which then flows into the Allegheny. Bailey Run joins the river directly (Figure 31).    
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Figure 31: Deer Lakes Park contributes to two watersheds that feed the Allegheny River. 
The Gulick wellpad is also located within the Bailey Run watershed, sited on top of a hill. 
Runoff from the wellpad joins the stream after it has exited Deer Lakes Park. A ridge situated in 
the east of the park is the origin point for all its waters. No streams flow from outside the park 
across its borders (Figure 32). This unique situation means that water quality within Deer Lakes 
Park is generally related to hyperlocal factors also within the park’s boundaries.   
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Figure 32: Deer Lakes Park straddles a ridge that is the origin point for all its waters. 
4.2.1 Weather Characteristics 
 The precipitation at Deer Lakes Park heavily influenced stream flow and analyte 
concentrations year-round. In weather data taken from the nearby Allegheny River Lock and 
Dam No. 4 weather station, rainfalls occurred from late summer through the wintertime were 
lighter and less frequent (Figure 33). Temperatures also varied with season, with the winter of 
2016-2017 being warmer than its preceding and trailing years (Figure 34).  
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Figure 33: Daily precipitation at Allegheny River Lock and Dam No. 4 (“The Pennsylvania State 
Climatologist,” 2019).  
Figure 34: Daily high and low temperatures at Allegheny River Lock and Dam No. 4 (“The 
Pennsylvania State Climatologist,” 2019). 
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4.3 Environmental Observations 
 Several events and environmental traits were observed during the sampling period. Some 
of these remained constant while others appeared or disappeared with time. All have the 
potential to affect water quality in the park.  
4.3.1 Mine Drainage 
 Suspected occurrences of mine drainage were observed in and around the park several 
times during sample collection. Upon GIS analysis of drainage locations, it is likely that it 
originated from the Russellton Mine, which underlies every observed appearance. Efforts were 
made to collect samples of the drainage when possible.  
Constant drainage emitting from a stream bank at a low flow was observed throughout 
the project at the Stream 4 sampling site (Figure 35). Due to its viscous nature, no samples of this 
drainage were taken. Southwest of the park, Little Deer Creek was observed to become heavily 
impacted by mine drainage following a heavy rain on March 16th, 2018 (Figures 36-37). Two 
samples from this event were collected.  
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Figure 35: Mine drainage flowing into Stream 4 on March 22nd, 2016.  
Figure 36: Mine drainage and refuse observed in Little Deer Creek on March 16th, 2018. 
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Figure 37: Detail of mine drainage and foam in Little Deer Creek on March 16th, 2018. 
The most significant incidence of mine drainage within Deer Lakes Park during the 
sampling period was first observed on September 16th, 2016. A large patch of orange drainage 
with sheen appeared in a marshy area at the head of Lake 1, completely taking over some 
sections of the marsh (Figures 38-39). Traces of iron and manganese contamination had been 
observed visually in the area previously, and the new patch represented a new, much higher level 
of drainage activity that persisted throughout the remainder of the project. Numerous samples 
were taken in the area, all displaying a unique flocked texture when settled that differed from 
normal iron settling behavior (as observed in the streambed of Little Deer Creek).  
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Figure 38: Detail of marsh mine drainage on November 11th, 2016.  
Figure 39: Mine drainage flowing into Lake 1 from the marsh on November 11th, 2016. 
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4.3.2 Appearance of Foam 
On January 16th, 2016, a large accumulation of foam was observed in Stream 1 
downstream of the standard sampling location (Figure 40). A sample of this foam was collected 
on the 19th. In addition to standard analyses, the sample was delivered to the Dorman lab. In the 
Dorman lab, GCxGC-TOFMS was performed for surfactant analysis. The chromatograms 
produced were then sent back to the Stolz lab.  
Other accumulations of foam were observed around Stream 1 and Lake 1 for the next 
year, with five more foam samples collected in total with the last on January 20th, 2017 (Figure 
41).  
Figure 40: Foam as observed on January 16th, 2016.  
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Figure 41: Foam and mine drainage sites in relation to oil and gas activities in Deer Lakes Park.  
4.3.3 Dumping of Trash 
Discarded materials and litter were consistently observed throughout the duration of sampling. 
Litter such as soda bottles, packaging and fishing tackle was seen floating in all three of the 
park’s lakes (Figure 42). Larger debris, such as tires and a large barrel, were also present in Lake 
1 (Figure 43). While the barrel was eventually removed from the lake, the tires remain as of the 
last sampling visit to the park. 
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Figure 42: Plastic bags observed in Lake 3 on July 21st, 2015.  
Figure 43: Rusting barrel observed in Lake 1 on July 21st, 2015.  
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4.4 Land Use  
 Data on land cover in Deer Lakes Park was obtained from the National Land Cover 
Database (NLCD), a product of the Multi-Resolution Land Cover Characteristics Consortium. 
The NLCD 2011 dataset revised in 2014 was used to create maps of the land cover in and around 
Deer Lakes Park (Figure 44). Due to its age, the dataset does not include information around the 
Gulick wellpad. 
Deer Lakes Park is bordered by medium-to-highly developed areas to the west and 
southwest; these include the community of Russellton, a shopping center, the former site of the 
Russellton No. 2 mine, and the Pittsburgh NorthEast Airport. The borders of the rest of the park 
are characterized by light development and deciduous forests. In addition, a chunk of the 
deciduous forest land indicated in the dataset has been replaced by the development of the 
Gulick wellpad. 
Most of the land in Deer Lakes Park itself is undeveloped and composed of permeable 
surfaces. Deciduous forest predominates, with very small amounts of evergreen and mixed 
forest. Other permeable areas are classified as pasture, cultivated crops, and herbaceous. 
Developed areas in Deer Lakes Park are generally concentrated in the southern half of the park, 
consisting of roadways and parking areas, paved trails, and park facilities. Development in the 
northern area of the park is limited to a roadway running to the northwest, the Wagman 
Observatory (a small building used for stargazing) to the east, and a cemetery to the west. In the 
NLCD dataset, the cemetery is classified as barren land.   
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Figure 44: Land cover of Deer Lakes Park and the surrounding area (Multi-Resolution Land 
Cover Characteristics Consortium, 2014). 
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4.5 Analytical Results 
For analytical purposes, it was determined to be most effective to split sample analysis 
into segments consisting of the major three categories of samples taken. These categories are the 
seven original sample sites (Lakes 1-3 and Streams 1-4); the marsh above Lake 1; and 
miscellaneous, intermittent sites such as foam samples, Little Deer Creek mine drainage, and a 
local spring used by residents of the area for drinking water. 
4.5.1 Seven Main Sampling Sites  
4.5.1.1 Handheld Multimeter 
 In-the-field analysis using the YSI Professional Plus handheld multimeter yielded a 
consistent dataset of temperature, DO, pH, and specific conductivity. All recorded values may be 
found in Appendix K. For comparison to accumulated data during analysis, state requirements 
for warm water fishery (WWF) designation were sourced from 25 Pa. Code §93.7 (Appendix C). 
No malfunctions were recorded on the multimeter except on December 15th, 2016. On this day, 
air temperatures were well below freezing and water temperatures reached 0ºC. The 
temperatures interfered with the LCD screen of the YSI, rendering it illegible.  
 Water temperatures consistently rose and fell with the seasons, tending to fall outside of 
WWF requirements in the spring (Figure 45). The lowest temperature recorded was -0.1ºC in 
Stream 3 on December 15th, 2016. The highest was 28.8ºC observed in Lake 3 on August 26, 
2016. Typically, the three lakes experienced larger seasonal temperature swings in comparison to 
the streams. This may be due to the streams all being spring-fed and emerging on the surface 
only a short distance away from sampling sites at a set year-round temperature, while the lakes 
 - 80 - 
 
are constantly exposed to the elements. DO also loosely followed the seasons, generally rising in 
the winters and falling in the summers (Figure 46). Several samples, mostly in the lakes, fell 
below the WWF criteria of 5 mg/L DO every summer. This is likely due to eutrophication in 
each lake during the summer months. pH remained within the bounds of WWF requirements, 
with an observed minimum and maximum of 6.6 and 8.11, respectively (Figure 47).  
 Specific conductivity was used to calculate total dissolved solids (TDS) for each sample 
(Figure 48). Generally, higher levels of TDS indicate impacted water quality. Stream 3 
consistently displayed the highest levels of TDS during the duration of sampling, reaching as 
high as 600 mg/L. However, every other sampling point tended to maintain low levels, at or 
below 400 mg/L.  
 
Figure 45: Water temperature as determined by YSI in the field, including WWF threshold.  
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Figure 46: DO as determined by YSI in the field, including WWF threshold. 
 
Figure 47: pH as determined by YSI in the field, including WWF thresholds. 
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Figure 48: TDS as calculated from specific conductance, determined by YSI in the field.   
4.5.1.2 Ion Chromatography 
 Analysis for the anions fluoride, chloride, nitrate, bromide nitrite, phosphate, and sulfate 
was carried out via ion chromatography in accordance with EPA Method 300.0 (Pfaff, 1993). All 
recorded values may be found in Appendix L. Anions of interest – chloride, bromide, nitrate, and 
sulfate – were graphed.  
 Streams 3 and 4 consistently topped the chart for chloride levels. During the winters, 
spikes were observed in Lakes 2 and 3 (Figure 49). These results align with the proximity of 
each of these features to public roadways. Stream 3, consistently the highest, runs right alongside 
Fairfield Road. This results in it receiving year-round runoff from the road, including road salt 
during the winter. This effect may also be observed to a lesser extent in Stream 4, which is 
separated from Bakerstown Road by about 100 feet of forest. Lakes 2 and 3 are nearby less 
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heavily-trafficked park roads which are also salted in the winter, explaining their spikes during 
the related months. 
 Bromide was detected four times in the park’s waters during the sampling period. 
However, three of these occurred on September 16th, 2016 – the same day that mine drainage 
was observed for the first time in the marsh at the head of Lake 1. No bromide was ever detected 
in Lake 1. Stream 1 and Lake 2 only had bromide in that month, while Stream 2 had it in August 
of 2017 as well. All bodies of water experienced spikes in nitrate concentrations in the winter. 
These were seen most acutely in Streams 2, 3, and 4. Sulfates also rose slightly in the wintertime 
for all bodies of water, except for Stream 2. This stream experienced large spikes in sulfates in 
the summertime, opposite the low points for all the other streams (Figure 50). It is unclear what 
caused this dynamic. 
 
Figure 49: Chloride concentrations in the waters of Deer Lakes Park over time.  
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Figure 50: Sulfate concentrations in the waters of Deer Lakes Park over time. 
4.5.1.3 ICP-MS 
 Cation analysis was carried out for 32 separate metals in accordance with EPA Method 
200.8, Revision 5.4 (Creed et al., 1994). All recorded values may be found in Appendix M. 
Sodium, calcium, barium, strontium, manganese, iron, aluminum and lead were analytes of 
interest and graphed.  
 In accordance with the analytical results for chlorides, sodium was observed to be highest 
in Stream 3, followed by Stream 4, and with wintertime spikes in Lakes 2 and 3 (Figure 51). As 
noted before, all of these waterbodies are exposed to various degrees to roads which are salted 
during the winter. This explains the elevated presence of both analytes – especially in the winter.  
 Stream 3 consistently displayed the highest levels of calcium throughout the sampling 
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period (Figure 52). However, all sampling locations experienced generally the same spikes and 
troughs. The largest collective event was an intermittent yet consistent rise in concentration from 
the months of February to December 2016 followed by a sharp collapse. Levels of strontium 
followed similar trends.  
 Barium concentrations typically remained below 0.1 mg/L (Figure 53). However, large 
spikes in concentration were intermittently observed in Lakes 1 and 3 and Stream 4. This same 
behavior was also observed in iron, manganese, aluminum and lead (Figures 54-57).  
 
Figure 51: Sodium concentrations in the waters of Deer Lakes Park over time. 
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Figure 52: Calcium concentrations in the waters of Deer Lakes Park over time. 
Figure 53: Barium concentrations in the waters of Deer Lakes Park over time.
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Figure 54: Iron concentrations in the waters of Deer Lakes Park over time. 
 
Figure 55: Manganese concentrations in the waters of Deer Lakes Park over time.
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Figure 56: Aluminum concentrations in the waters of Deer Lakes Park over time. 
 
Figure 57: Lead concentrations in the waters of Deer Lakes Park over time. 
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4.5.1.4 Gas Chromatography 
 The VOCs methane, ethane, ethene, propane, propylene, and butane were all analyzed by 
VaporTech using methods WA1 and RSKSOP-175 until it ceased operations. Full results may be 
found in Appendix N. Of these analytes, only methane was detected in significant and consistent 
amounts (Figure 58). Large spikes were typically observed in Lakes 1, 2, and 3 during the spring 
and summer months. This equates with the large amount of eutrophication in those lakes at the 
same time. All streams consistently maintained methane levels of well below 5 μg/L, with the 
highest concentrations among the streams occurring in Stream 4.    
 
Figure 58: Methane concentrations in the waters of Deer Lakes Park over time. 
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drainage was observed there on September 16th, 2016. Two separate areas of the marsh roughly 
15 feet away from each other were sampled on different occasions, depending on where the 
drainage activity was present. This resulted in having dual samples for some sampling 
excursions. Parameters of interest – DO%, TDS, chloride, nitrate, calcium, iron, manganese, 
aluminum, and methane – were graphed. Full results may be found in the Appendices. 
 Results were not typical for suspected mine drainage. DO% fluctuated wildly regardless 
of the season, reaching above 12 mg/L and below 1 mg/L (Figure 59). TDS consistently 
remained below 350, which was much lower than anticipated (Figure 60). Chloride and nitrate 
displayed similar patterns in spiking in the spring of 2017. Likewise, strontium, calcium, barium, 
iron, manganese and aluminum displayed a similar pattern of a trough in the spring of 2017 
followed by a dramatic spike in concentration (Figures 61-65). All five analytes were 
consistently found in much higher concentrations than observed at the park’s original sampling 
sites.  
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Figure 59: DO detected in the marsh above Lake 1 over time.  
 
Figure 60: TDS detected in the marsh above Lake 1 over time.  
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Figure 61: Calcium concentrations detected in the marsh above Lake 1 over time.  
 
Figure 62: Iron concentrations detected in the marsh above Lake 1 over time.  
0
50
100
150
200
250
300
Se
p
-1
6
O
ct
-1
6
N
o
v-
1
6
D
ec
-1
6
Ja
n
-1
7
Fe
b
-1
7
M
ar
-1
7
A
p
r-
1
7
M
ay
-1
7
Ju
n
-1
7
Ju
l-
1
7
A
u
g-
1
7
Se
p
-1
7
O
ct
-1
7
N
o
v-
1
7
D
ec
-1
7
Ja
n
-1
8
Fe
b
-1
8
M
ar
-1
8
A
p
r-
1
8
M
ay
-1
8
Ju
n
-1
8
C
al
ci
u
m
 (
m
g/
L)
Marsh
0
200
400
600
800
1000
1200
Se
p
-1
6
O
ct
-1
6
N
o
v-
1
6
D
ec
-1
6
Ja
n
-1
7
Fe
b
-1
7
M
ar
-1
7
A
p
r-
1
7
M
ay
-1
7
Ju
n
-1
7
Ju
l-
1
7
A
u
g-
1
7
Se
p
-1
7
O
ct
-1
7
N
o
v-
1
7
D
ec
-1
7
Ja
n
-1
8
Fe
b
-1
8
M
ar
-1
8
A
p
r-
1
8
M
ay
-1
8
Ju
n
-1
8
Ir
o
n
 (
m
g/
L)
Marsh
 - 93 - 
 
 
Figure 63: Manganese concentrations detected in the marsh above Lake 1 over time.  
 
Figure 64: Aluminum concentrations detected in the marsh above Lake 1 over time.  
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Figure 65: Methane concentrations detected in the marsh above Lake 1 over time.  
4.5.3 Miscellaneous Samples 
 Several samples of other irregular sites were collected intermittently throughout the 
project. These include seven foam samples taken mainly in preparation for GCxGC-TOFMS 
analysis between January 2016 and January 2017, two samples taken southwest of the park of 
Little Deer Creek on March 16th, 2018, and two samples taken about a year apart (April 21st, 
2017 and June 15th, 2017) of a spring used by locals in the area for drinking water. Several 
analytes of interest were graphed – chloride, nitrate, iron, and manganese – and referred to by F 
for foam, LDC for Little Deer Creek, and LS for the local’s spring. Full results may be found in 
the Appendices. 
 Typically, the foam samples retained low levels of chloride and nitrate until the final 
sample, where a spike was observed in both analytes. The Little Deer Creek samples maintained 
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relatively high levels of chloride, iron, and manganese in comparison to the other samples. As 
rain had fallen a few days prior to sampling and streamflow had begun to return to normal, large 
amounts of iron were observed settled on the streambed but were not suspended in the water. 
The local spring maintained low or negligible levels of every analyte of interest except for 
nitrate, for which it had levels similar to the Little Deer Creek samples.  
4.5.3.1 GCxGC-TOFMS 
 GCxGC-TOFMS was performed in the Dorman lab on the first three foam samples 
collected, one taken on January 19th, 2016 and two on February 18th, 2016. An additional foam 
sample was collected on February 18th without being assigned an MS number. The final foam 
sample, taken on January 23rd, 2017 was also analyzed. This test was intended to identify 
surfactants present in the samples and was performed on a total of five samples of foam.  
 In the sample collected on January 19th, several compounds were detected that are 
generally associated with use in the unconventional natural gas industry. These included phenols, 
esters, and 1-Hexanol, 2 ethyl- (Figure 66). Two of the samples collected on February 18th were 
very similar to the one taken on January 19th (Figures 67-68). The third only contained small 
amounts of phenols and esters, but followed the same patterns as the other samples taken up to 
that point (Figure 69). The sample taken on January 23rd, 2017 had a significantly altered 
signature when compared to the other samples, but still contained phenols and -Hexanol, 2 ethyl 
(Figure 70).  
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Figure 66: Surfactants in foam sample collected on January 19th, 2016.       
 
 
Figure 67: Surfactants in first foam sample collected on February 18th, 2016.       
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Figure 68: Surfactants in second foam sample collected on February 18th, 2016.       
 
 
Figure 69: Surfactants in third foam sample collected on February 18th, 2016.       
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Figure 70: Surfactants in foam sample collected on January 23rd, 2017.       
 
4.5.4 Outliers of Interest 
 Some analytes – bromide and light hydrocarbons other than methane – were not detected 
often but are highly significant in their implications and for analysis. As their widespread 
dispersion and rarity makes them difficult to discern within a wider dataset, these analytes have 
been tabulated. Full results may be found in the Appendices.   
 Only five samples in total had detected bromide, and then mostly below the official 
detection limit of 0.05 mg/L (Table 12). Detections below the limit mainly serve to indicate the 
mere presence of bromide in the sample. Of the five, three occurred on the same day (September 
16th, 2016), which was also the first day that mine drainage was observed in the marsh above 
Lake 1. Bromide was again observed in Stream 2 – one of the locations of the first bromide 
detections – on August 25, 2017. A final instance of bromide was detected outside the park in 
Little Deer Creek on March 16th, 2018 following a significant rainfall and mine drainage event in 
the area.  
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Table 12: Detection of Bromide 
Sample Reference Name Sample Date Bromide (mg/L) 
MS841 Stream 1 (DLP) 9/16/2016 0.027 
MS843 Lake 2 (DLP) 9/16/2016 0.024 
MS845 Stream 2 (DLP) 9/16/2016 0.033 
MS1104 Stream 2 (DLP) 8/25/2017 0.0141 
MS1196 Little Deer Creek N. 3/16/2018 0.1 
 Ethane, ethene, propane, and butane were all detected on several occasions in multiple 
bodies of water (Table 13). Ethane appeared most often in Stream 2, while propane was most 
consistently found in the marsh above Lake 1. Only one light hydrocarbon was found at a time in 
each sample, except for in Stream 4 on February 17th, 2017. On this occasion, ethane, ethene, 
propane, propylene, and butane were all detected. This also marks the only appearance of 
propylene during sampling.     
Table 13: Detection of Light Hydrocarbons Other Than Methane 
Sample Reference Name 
Sample  
Date 
Ethane  
(µg/L) 
Ethene  
(µg/L) 
Propane  
(µg/L) 
Propylene 
(µg/L) 
Butane  
(µg/L) 
MS615 Stream 2 (DLP) 10/17/2015 0.01     
MS808 Stream 2 (DLP) 6/25/2016 0.01     
MS815 Stream 2 (DLP) 7/23/2016 0.01     
MS848 Marsh (DLP) 9/16/2016   0.06   
MS863 Marsh (DLP) 10/14/2016   0.05   
MS867 Stream 2 (DLP) 10/14/2016 0.01     
MS907 Marsh (DLP) 11/11/2016   0.03   
MS928 Stream 1 (DLP) 12/15/2016 0.05     
MS951 Marsh (DLP) 2/17/2017  0.01    
MS957 Stream 4 (DLP) 2/17/2017 0.08 0.36 0.13 0.07 0.04 
MS973 Stream 4 (DLP) 3/24/2017  0.02    
MS1003 Lake 1 (DLP) 5/19/2017   0.02   
MS1099 Stream 1 (DLP) 8/25/2017     0.09 
MS1101 Lake 1 (DLP) 8/25/2017     0.05 
MS1102 Lake 2 (DLP) 8/25/2017     0.04 
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4.5.5 Geochemical Ratios 
 As analyte concentrations may vary depending on weather conditions such as rainfall and 
fluctuate with the seasons, the production of mass ratios can prove useful. Doing so compensates 
for any seasonal or weather-related variations in concentration and allows for direct comparison 
with similar mass ratios from other known sources – such as acid mine drainage, fracking 
flowback, and various brines. By making these comparisons, the impacts and non-impacts of 
human activity may be better discerned in analysis (Figures 71-80). Mass ratios generated by this 
research were compared to known fracking flowback samples currently under analysis by 
Cantlay et al. 
 
Figure 71: Ca/Sr to Ca/Mg, in relation to oil brine and flowback samples.  
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Figure 72: Ba/Ca to Sr/Ca in relation to brine and flowback samples (Chapman et al., 2012).  
 
Figure 73: Mg/Ca to Sr/Ca in relation to brine and flowback samples (Chapman et al., 2012). 
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Figure 74: Log Ca to log Cl in relation to brine and flowback samples (Barbot, Vidic, Gregory, 
& Vidic, 2013). 
 
Figure 75: Log Mg to log Cl in relation to brine and flowback samples (Barbot et al., 2013). 
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Figure 76: Log Na to log Cl in relation to brine and flowback samples (Barbot et al., 2013).  
 
 
Figure 77: Log Sr to log Cl in relation to brine and flowback samples (Barbot et al., 2013). 
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Figure 78: Ba/Cl to Br/SO4 in relation to oil brine and flowback samples (Brantley et al., 2014). 
 
Figure 79: Cl/Br to Cl in relation to various known Cl/Br curves (Davis, Whittemore, & 
Fabryka-Martin, 1998; Mullaney, Lorenz, & Arntson, 2009). 
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Figure 80: Mg/Li to SO4/Cl in relation to brine and flowback samples. 
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Chapter 5: Discussion 
5.1 Unconventional Operations 
 As a public-facing and controversial venture, the drilling under Deer Lakes County Park 
must be subjected to some scrutiny. The project was touted as a safe, economically beneficial 
development that might produce for thirty to forty years (Aupperlee, 2014a). Investigation of 
these claims is an important factor in the determination of the positive and negative impacts of 
the activity. Unfortunately, experiences in gathering and analyzing publicly-available data 
indicate that activity on the Gulick pad has been neither openly nor accurately represented.  
5.1.1 Pre- and Post-Drill Reporting 
 Pennsylvania law requires that drillers submit information such as well plats, completion 
reports, and inspection reports to the state. These documents are then supposed to be made 
publicly available. During this research, numerous attempts were made to access this 
information, with a middling degree of success.  
In initial planning and analysis phases of the research, pre-drill information was required 
for reference and mapping. This data was known to be available in well location plats and well 
permits, publicly-available documents. Via a pre-existing contact in the PADCNR, these 
documents were obtained for each well through personal communication. The documents 
provided were all scans and most likely obtained from the DEP. Most were stamped with DEP 
reception dates of mid-2014 to early 2015. These documents obtained from the DCNR were the 
only ones that were able to be obtained for all wells on a consistent basis. 
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Well after drilling was completed, an attempt was made to retrieve further documents 
submitted to the state by Range Resources. Documents of interest included completion reports, 
inspection reports, and notices of violation (NOV). A first attempt to obtain some of these 
documents was made by reaching out to the PADCNR contact from earlier. However, only two 
partial completion reports – for wells 6H and 7H – were obtained from this effort. 
An informal file review was then scheduled at the PADEP Southwest Regional Office in 
September 2018. Documents requested included completion reports, inspection reports, notices 
of violation, and anything else related to activities on the Gulick pad. The file review yielded full 
completion reports for wells 6H and 7H, some inspection reports, one NOV, and other 
miscellaneous documents like coal/non-coal determinations. Given that documents were 
requested for all nine wells on the Gulick pad, this amount of material was far from complete and 
was missing completion reports for seven, the most important document for research of each 
well.  
The two completion reports obtained had stamped reception dates of April 2016 at the 
latest, meaning that they had both been in the possession of the DEP for over two years at the 
time of the review. Both had extensive handwritten notation, including a line on the 7H report 
stating, “No Folder”. This implies that the reports and papers for the Gulick Pad were not well 
organized up to a point, or maybe not at all. It is unclear whether the other completion reports 
and documents are in possession of the PADEP in an unorganized state, or if Range Resources 
never submitted them. These documents continue to be unavailable two years after well 
completion. 
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5.1.2 Waste Reporting 
Waste reports, obtained through the Pennsylvania Oil and Gas website, were inconsistent 
and prone to suspect parallels. From mid-2015 through the end of 2016, waste was reported in 
six-month increments only. From then on, it was reported monthly. Some wastes are reported as 
both liquid and solid, while others appear only with one of the two groups of wells (the group 
under the park, and the group drilled away from it). Additionally, wells tended towards reporting 
the same numbers for each type of waste or tended to report disproportionately high or low 
amounts of waste produced for their lateral length. The cause of these discrepancies is not clear, 
but it may be inferred that the DEP is not in possession of accurate waste generation information 
concerning the Gulick pad.  
5.1.3 Production Reporting 
 Unlike waste reporting, production reporting remained consistent throughout the study 
period and was filed monthly. However, the actual production numbers become concerning when 
plotted. Range Resources advertised the wells as producing for three to four decades, while they 
appear to be on track for much less than that. 
 The five wells drilled under Deer Lakes Park hit their peak production in August of 2016, 
with 1,527,674.85 Mcf of natural gas produced. In the most current available reporting period – 
November 2018 – the wells produced just 536,476.50 Mcf. This is approximately 35% of the 
peak reached two years and three months prior. The wells have been operating for a total of two 
years and eight months. It is unclear how the wells will reach Range Resources’ estimate of 
thirty to forty years without running dry.  
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5.2 Water Quality 
 In total, 211 samples were taken in and around Deer Lakes Park during the three-year 
sampling period. The period catalogued pre-drill, during-drill, and post-drill water quality, 
making analysis of water quality over time possible. This versatility allows for more confident 
conclusions to be drawn about the nature and origin of water quality changes. It may be 
generally stated that pollutant concentrations remained at consistent levels throughout the 
sampling period, with no drastic increases over time. However, this generalization excludes 
single events and any changes in contaminant concentrations over time in relation to 
geochemical ratios.  
5.2.1 Anions and Cations 
  While anion and cation concentrations generally did not show any major increases or 
decreases over time during the sampling period, spikes in concentration of various analytes 
occurred often, and sometimes in conjunction with each other. For example, chloride and sodium 
concentrations generally tracked closely with each other, with the same sampling locations 
displaying similar levels of both. As discussed before, this is most likely due to the use of road 
salt near the affected water bodies. In the fall of 2016, iron and manganese levels in Lake 1 
spiked significantly in correspondence to the appearance of the drainage in the marsh at the head 
of the lake in September of that year.   
 Other correlations were observed with less obvious origins. Calcium and strontium 
displayed similar behavior, with similar rises in concentration and a subsequent collapse from 
February to December 2016. Barium, iron, aluminum, manganese and lead all spiked in Stream 4 
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in the spring of 2017, with an ANOVA p-value of 0.023 (Table 14). The same five analytes with 
the addition of strontium also displayed a strong relationship in the marsh area, with an ANOVA 
p-value of 1.26 x 10-5 (Table 15). Generally, these analytes only appeared in significant 
quantities after perforation and fracturing were underway at the Gulick pad.  
Table 14: Single-Factor ANOVA on Stream 4 Relationships 
Source of Variation SS df MS F P-value F crit 
Between Groups 26.04052 4 6.51013 2.942337 0.023029 2.444174 
Within Groups 276.5714 125 2.212571    
       
Total 302.6119 129         
 
Table 15: Single-Factor ANOVA on Marsh Relationships 
Source of Variation SS df MS F P-value F crit 
Between Groups 410493.4 5 82098.67 7.082129 1.26E-05 2.315689 
Within Groups 1043313 90 11592.37    
       
Total 1453807 95         
5.2.2 Light Hydrocarbons 
 Of the regular sampling locations, methane was by far the most common VOC detected. 
Levels generally peaked in the spring and summer in the lakes of the park. This is consistent with 
the highest amount of methane found at the seven regular sites, 39.41 μg/L in Lake 2 in April 
2017. The highest level of methane recorded of any sampling site was at the appearance of the 
marsh area drainage in September 2016, with 2899.74 µg/L being recorded. However, Lakes 1 
and 2 experienced a spike in concentration in December 2016. Stream 4 consistently had the 
highest concentration of methane among the streams, peaking at 2.8 µg/L in October 2015. 
 The first appearance of a light hydrocarbon other than methane occurred in October 2015 
– three months after the start of drilling at the Gulick pad – with ethane in Stream 2, and then not 
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again until June 2016 (also ethane in Stream 2). From that point forward, other light 
hydrocarbons were found with increasing consistency, with the marsh above Lake 1 and Stream 
4 both registering on February 17th, 2017. Stream 4 contained every light hydrocarbon that could 
be detected, including ethene at a level of 0.36 µg/L – the highest level of any light hydrocarbon 
besides methane. On August 25th, 2017, Stream 1, Lake 1, and Lake 2 all contained butane in 
progressively lower quantities further downstream (0.09, 0.05 and 0.04 µg/L, respectively). 
 These gases may have biogenic or thermogenic origins, a distinction that is often 
demarcated by calculating ratios between the gases. Biogenic methane predominantly contains 
methane and carbon dioxide, while thermogenic methane also includes higher chain 
hydrocarbons such as ethane, propane, butane and pentane. Methanogens produce methane 
through the extraction of hydrogen from water and organic compounds underground in the 
presence of a suitable electron acceptor such as sulfate. In the process they produce and consume 
carbon dioxide, resulting in the distinction with thermogenic methane. However, gas 
composition may be altered by other processes such as microbial oxidation and migration. This 
variety of factors that may be at play significantly complicates the determination of methane 
origin. Natural gas in the Appalachian basin is thought to contain both thermally and microbially 
generated portions (Osborn & McIntosh, 2010).  
Biogenic methane may also be released from coal under microbial action, which can 
occur under ambient and especially eutrophic conditions. In native microbial communities living 
in the presence of coal, this process may be highly effective. Under controlled conditions, 
production of coalbed methane may reach levels of 5171 ft3 per ton per year (J. Zhang, 
Anderson, Britt, & Liang, 2018). As Deer Lakes Park sits atop the Upper Freeport coal seam, 
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coalbed methanogenesis could be a possible biogenic source of the methane found in the park’s 
waters. 
The ratio of methane to ethane in samples may be used to distinguish between 
thermogenic and biogenic gases, with a ratio of less than 100 indicating thermogenesis and a 
ratio of greater than 1000 indicating methanogenesis (R. B. Jackson et al., 2013). Of the six 
samples containing both methane and ethane collected in Deer Lakes Park, all but one fell well 
beneath 100, and the other sample only reached 142 (Table 16). 
Table 16: Methane to Ethane Ratios in Samples Collected in Deer Lakes Park 
Sample Reference Name Sample Date 
Methane 
(µg/L) 
Ethane 
(µg/L) Ratio 
MS615 Stream 2 (DLP) 10/17/2015 0.56 0.01 56 
MS808 Stream 2 (DLP) 6/25/2016 0.75 0.01 75 
MS815 Stream 2 (DLP) 7/23/2016 0.79 0.01 79 
MS867 Stream 2 (DLP) 10/14/2016 1.42 0.01 142 
MS928 Stream 1 (DLP) 12/15/2016 0.58 0.05 11.6 
MS957 Stream 4 (DLP) 2/17/2017 0.92 0.08 11.5 
 This strongly suggests that the gases found in Deer Lakes Park after the appearance of 
light hydrocarbons other than methane is from thermogenic sources. While inconclusive, this 
information lends credence to the possibility that the source of some gases is shales deep 
underground as opposed to biogenic activities at or near the surface of the park. Whether or not 
these gases are traveling to the surface via the abandoned wells in the park or through a conduit 
provided by the Gulick wells is inconclusive, but it is worth noting that complex hydrocarbons 
only appeared in the park’s waters after drilling commenced on the Gulick pad.  
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5.2.3 Foaming Events 
 Foam first appeared in the waters of Deer Lakes Park in January 2016, during the 
perforation of Wells 6H and 7H. Through GCxGC-TOFMS analysis, this foam was determined 
to have surfactants in it. Surfactants were present in every foam sample taken that had GCxGC-
TOFMS performed, running though the final sample taken in January 2017.  
 Several surfactants with industrial uses were via GCxGC-TOFMS analysis and have 
many other uses besides being a surfactant. 2-(2-Ethoxyethoxy)ethanol is a dye and a solvent 
used for cleaning, degreasing and formulation. 1-Hexanol, 2-ethyl- is a corrosion and scaling 
inhibitor, finishing agent, paint additive, plasticizer and solvent. It is also used in formulation of 
personal care items and cosmetics. Diethylene glycol dibenzoate is an adhesive and sealant, paint 
additive, plasticizer and plating agent. 1-Undecanol is a processing aid for petroleum production. 
2,4,7,9-Tetramethyl-5-decyn-4,7-diol is an adhesive, CBI, paint additive, and pigment. 9-
Octadecenamide is a processing aid and lubricant. Phenol, 2,4-bis(1,1-dimethylethyl)- is a fuel 
additive. 1-Dodecanamine, N,N-dimethyl- is an intermediate and is used in oil and gas industries 
(National Center for Biotechnology Information, 2019).  
 While it is not possible to determine the source of these analytes with GCxGC-TOFMS, 
there are multiple options. Past industrial activities, such as drilling within the park and mining, 
may account for some or all. It is possible that some came from activities on the Gulick pad, as 
many of these surfactants have relevant uses in the oil and gas industry and the foam in Deer 
Lakes Park first appeared while initial perforation of wells was occurring. The foam almost 
exclusively appeared near Stream 1, which was shown in ratios to be potentially impacted by 
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mine drainage. It is plausible that surfactants introduced into the mines beneath the pad emerged 
through a pre-existing seep within the vicinity of the Stream 1 sampling site.  
5.2.4 Geochemical Ratios 
 A method of determining potential water quality impacts beyond merely looking at 
concentrations is the development of geochemical ratios. Fracking flowback carries several 
different elements in unique ratios, including barium, bromide, calcium, chloride, sodium, and 
strontium. By comparing ratios of these analytes in flowback to the analytes present in the 
samples from Deer Lakes, relationships may be drawn between the two even in with relatively 
low analytical levels to work with. 
 For the most part, ratios generated from samples in and around Deer Lakes Park 
remained distinct from samples of known flowback and brine. However, several samples 
generally and a sample from the marsh above Lake 1 showed similarities with oil brine, falling 
within that substance’s range in the ratios for Ca/Sr to Ca/Mg, Ba/Ca to Sr/Ca, and Mg/Ca to 
Sr/Ca. Strontium is an effective tracer for water-rock interaction as it is stable and unaffected by 
confounding factors like evaporation. In ratios, it can associate even very small amounts of 
contamination. However, these ratios are susceptible to local fluctuations (Chapman et al., 2012). 
Instead of aligning with flowback samples, the closest constituent to Deer Lakes samples in these 
ratios was conventional oil brine from Vennango County. Similarity to conventional oil brines as 
opposed to flowback might be indicative of freshwater mixing, or a manifestation of regionality. 
It may also be from the abandoned conventional wells within the park as opposed to 
unconventional activities at the Gulick pad.  
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Furthermore, of the five samples taken with detected bromide, three fell firmly within the 
range associated with acid mine drainage while the remaining two were extremely close when 
comparing Ba/Cl to Br/SO4. Generally, the lower the ratio between bromide and sulfate, the 
more likely a sample is being impacted by acid mine drainage. The higher the ratio, the higher 
the likelihood that impacts from conventional or unconventional drilling are present instead. This 
ratio is not always accurate, and even pristine waters may border the line between non-impacted 
and impacted (Brantley et al., 2014). However, the consistency of the samples plotted within this 
ratio along with the presence of other confirming factors indicates that analysis with this ratio 
reinforces the conclusion that the waters of Deer Lakes Park are indeed being impacted by acid 
mine drainage.   
5.3 The Russellton Mine’s Influence on Water Quality  
 Acid mine drainage is created when sulfide minerals, such as pyrite or sulfur-containing 
coal, are oxidized in the presence of bacteria and water. As per the name, it is often associated 
with existing and abandoned mines as they expose large amounts of suitable minerals in an often 
damp environment (Li, Li, Xiao, Song, & Liu, 2018). The abandoned mines beneath Deer Lakes 
Park appear to intersect with an aquifer, since all waters within the park are spring-fed, pathways 
for acid mine drainage production exist.  
 Acid mine drainage is often highly acidic, and carries metals, metalloids and sulfates. It 
has the potential to contaminate surface and groundwater and is hazardous to plant and animal 
life (Li et al., 2018). Treatment technologies are often expensive and inadequate, which means 
that acid mine drainage is often left unaddressed (Akcil & Koldas, 2006). One of the most 
common approaches to treatment currently is the introduction of alkaline minerals to the area. 
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While this balances pH and removes metals and sulfates, it produces a secondary sludge that 
must be treated as well.  
Results of this research indicate that acid mine drainage from the Russellton Mine is 
currently affecting water quality inside and outside of Deer Lakes County Park. Its biggest 
impact in the area appears outside of the park, in Little Deer Creek. Following rainfall events, it 
appears that the former site of the mine fills with water which then percolates through the 
structure and reaches the creek. One of the samples collected from the creek contained bromide, 
and the resulting ratio firmly indicated that the water was being impacted by acid mine drainage. 
In addition, samples taken within Deer Lakes Park that contained bromide either fell within or 
just outside the boundary for acid mine drainage. These samples indicate that the mine is 
influencing water quality in the park, even when bromide is not present. These waters, along 
with Little Deer Creek, all flow into the Allegheny River, and later, the Ohio. Both bodies of 
water are a critical water resource for millions of people.  
 The sudden appearance of drainage in the marsh above Lake 1 in the park also seemingly 
indicated a change in drainage activity in relation to the mine. However, the low TDS, stable pH, 
low DO and high methane levels observed at the site indicated that something other than a new 
outflow of mine drainage was occurring. These properties, in addition to the unusual flocked 
property of the discharge when collected, suggest that microbes may be active in this area. 
Generally, mine drainage has high sulfate, metals and acidity. If present, sulfate-reducing 
bacteria would remove this sulfate from the water, help to neutralize the pH, and precipitate 
metals (Herlihy & Mills, 1985). This may explain why water quality did not suffer greatly 
because of the appearance of the mine drainage in the marsh area.  
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 The situation beneath Deer Lakes Park in the Russellton Mine is clearly evolving. While 
some sources of acid mine drainage remained constant throughout the study period, others – such 
as the drainage in the marsh – developed. Still more waterbodies in the park showed signs of 
being affected by acid mine drainage. For example, both bromide-containing samples from 
Stream 2 fell within the domain of acid mine drainage when calculating the Ba/Cl to Br/SO4 
ratio. It is unclear how unconventional drilling may have influenced this dynamic. It may have 
disturbed something in the historical mine network, causing increased activity, or the results seen 
in this research may be the result of the mine’s pre-existing trajectory. 
As time goes on, the situation in the Russellton mine may continue to deteriorate as it 
continues without any corrective action. It is possible that as the mine degrades, further instances 
of acid mine drainage will appear in the area. This may result in further water quality 
impairment, especially concerning given the fishing-oriented nature of the lakes in the park. The 
lakes are stocked, and visitors often catch and eat the fish that live in them. Growing issues with 
acid mine drainage could harm the fish, create a public health hazard, and/or render the lakes 
unusable for their intended purpose. Acid mine drainage has been identified as the world’s 
second most pressing environmental issue behind global warming, and Deer Lakes Park is 
subject to its threat (Li et al., 2018). 
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Chapter 6: Summary 
 Deer Lakes Park is situated in an area of Allegheny County with a long history of 
extractive activities. The landscape in and around the park has been shaped by these ventures 
over time. Recent developments in unconventional natural gas extraction beneath the park are 
another step in this process that has been progressing for over a century.  
At least 14 abandoned oil and gas wells are present within the park. They were most likely 
drilled during a boom that came to the West Deer area in the early 20th century. Wells drilled 
during this time in the area reached a depth of 473 to 549 meters (1400 to 1800 feet) and 
typically produced both oil and gas. However, the age, depth, and purpose of the wells within 
Deer Lakes Park are unknown. 
Directly beneath the park are two abandoned coal mines, the Creighton and the Russellton, 
which tapped the Upper Freeport coal seam during much of the 20th century. Their effects may 
still be seen in and around the park today in the form of a vast empty field southwest of the park 
where Russellton No. 2 used to stand, a present-day operation that is mining the Russellton 
Mine’s coal refuse piles, and numerous seeps that impact water quality on a consistent basis.  
These extractive features were already in place by the time that Deer Lakes Park was 
conceived and set aside in the late 1950s through the 1970s. The park grew during this time until 
it reached a final size of 478 hectares (1,180 acres). Two new spring-fed fishing lakes were 
constructed to augment the one that was already present in the park’s boundaries, and numerous 
trails were blazed. In the present day, amenities include a disc golf course, an observatory, a 
fitness course, and a children’s playground and spray park.  
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As time went on, facilities in the park fell into disrepair. Some park buildings were 
permanently locked. Others were abandoned and left to the elements. In 2013, Allegheny County 
revealed that it was discussing the lease of mineral rights beneath the park to Range Resources 
and Huntley and Huntley. It was hoped that this would bring a consistent source of income into 
the county, and County Executive Rich Fitzgerald voiced hopes to use some of the money to 
rehabilitate Deer Lakes Park. On March 17th, 2014, a final agreement was announced. It 
consisted of a 4.7 million USD bonus payment, a royalty rate of 18%, and a 3 million USD 
payment to be used for improvements to the county park system in exchange for drilling rights 
beneath Deer Lakes Park from a pad located outside the park’s boundaries. On May 7th, 2014, 
the Allegheny County Council voted 9–5 to approve the proposed gas lease; on May 15th, 
Fitzgerald signed the ordinance to allow the work to commence. 
Public reaction to this agreement was intense, with most speakers at Council meetings 
discussing the issue opposed to the plan. When the Council voted to approve the lease, many 
attendees walked out, chanting and singing. The chair of the Council’s Park Committee at the 
time, Councilman Nicholas Futules, was later investigated by the State Ethics Commission for a 
possible violation of ethics laws. Futules had an active gas lease with Huntley & Huntley at the 
time of the Council’s vote. 
Construction of the Gulick pad, to be the starting point for all extractive activity underneath 
Deer Lakes Park, started in the summer of 2015. Drilling of the five wells beneath the park 
commenced that July, and production began in March of 2016. In October of 2017, drilling 
commenced on four more wells that ran in the opposite direction of the park. Over 2 million 
USD have been invested into renovations at Deer Lakes Park using money from the county’s 
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lease with Range Resources. These improvements include the construction of what is now the 
largest playground in the Allegheny parks system, stormwater runoff systems, restrooms, and 
landscaping improvements. 
The drilling beneath Deer Lakes Park gave rise to numerous questions about the 
environmental safety of the area as well as the proper use of public lands. Given the area’s past 
extractive activities, it was unclear what the effects of further disturbance would be. With the 
wells at the Gulick pad being drilled straight through an abandoned coal mine, there were fears 
that the shafts would act as a conduit for any emergent contamination – further affecting the 
waters of the park.  
In addition, the use of public land for private gain in such a way was problematic. Not only 
were there environmental risks to the activity that could ruin the park’s waters, but most of the 
profits of the venture would not be going back to the public. The county allowed Range 
Resources and Huntley and Huntley access to the mineral rights beneath the park without much 
of the public’s consent.   
This research was conducted in response to these concerns. Its goal was to understand the 
water quality in Deer Lakes Park before, during and after the drilling from the Gulick pad. 
Heavily implicated in this scientific aspect was a social justice one – would this private venture 
jeopardize public lands, and how would the public be kept informed of developments?  
Results of the research indicate that Deer Lakes Park remains, for the most part, intact from 
what it was prior to drilling. However, concerning findings indicate that the park’s waters may 
not be isolated from the wells present on the Gulick pad. While at least two of the wells were 
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being perforated, surfactants associated with unconventional drilling appeared in the park’s 
waters. Some samples taken from an area in the park impacted by mine drainage shared mass 
ratios with known samples of unconventional flowback and brine. Light hydrocarbons, such as 
ethane, ethene, and propane appeared in the park’s waters only after drilling commenced at the 
pad. While these findings are not conclusive, and while it is plausible that the abandoned wells 
within the park may be responsible for some of the phenomena, the timing of many events 
indicates that there may be some active connection, however slight, between the Gulick wellpad 
and the waters of Deer Lakes Park. A likely conduit for this activity is the abandoned mine 
system that underlies both.  
The abandoned Russellton Mine was also found to be a significant impactor of water quality 
within the park. Multiple samples taken in the park containing bromide fell within or near the 
ratio range expected of acid mine drainage. Seeps and springs of mine drainage were observed 
within the park – one developing within the sampling period – that impacted visible water 
quality and introduced high levels of iron, manganese, aluminum, and lead to the park’s waters. 
Outside the park, the mine severely impacts water quality in Little Deer Creek. These findings 
indicate that the mine itself is an active, changing, and potentially growing issue for the water 
quality inside Deer Lakes Park. While it is impossible to say whether or recent unconventional 
activities have influenced this dynamic, they add a significant complication to an already 
difficult trend of water pollution within the park. 
Of additional concern is the production trajectory of the wells beneath Deer Lakes Park. 
Promised to last for thirty to forty years, the wells are producing just 35% of their peak after less 
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than three years of operation. It appears possible that the wells will fall far short of their 
promised life and deprive the county of an expected source of significant revenue. 
A further facet of the public’s disadvantage in this situation is evident when trying to 
acquire information regarding the wells. Documents submitted to the PADEP over two years ago 
remain incomplete, disorganized, or may not have been submitted by Range Resources at all. 
Waste production numbers have been inaccurately reported and categorized poorly. While 
responsibility for these issues remains unclear, they create a significant public access deficiency. 
As it stands currently, the public stands to make far less of a gain from Range Resources’ 
activities than was originally promised, cannot obtain accurate information – if any – about the 
activities beneath the park, and must contend with potential water quality impacts from the 
activity as well as worsening issues stemming from the Russellton Mine.  
Unpolluted water is essential to the recreational activities that Deer Lakes Park revolves 
around as well as the safety of the water supply for millions of residents downstream. Presently, 
this basic requirement cannot be guaranteed in the waters of Deer Lakes Park and may 
reasonably be expected to worsen over time. Mine drainage is a chief culprit, with other potential 
influences including legacy conventional drilling and current unconventional drilling. 
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Appendix A: GIS Sources by Layer 
 
Data Layer Source 
Deer Lakes Park Allegheny County, 
http://www.alleghenycounty.us/parks/maps.aspx 
Land Cover USGS National Map, 
https://viewer.nationalmap.gov/basic/?basemap=b1&category=nlcd
&q=&zoom=10&bbox=-80.46936035,40.30780719,-
79.19769287,40.92388971&preview=&avail=&refpoly= 
Oil and Gas 
Development 
PADEP Office of Oil and Gas Management, 
http://www.depreportingservices.state.pa.us/ReportServer/Pages/Re
portViewer.aspx?/Oil_Gas/Spud_External_Data 
Watershed Boundaries USGS StreamStats, https://streamstats.usgs.gov/ss/ 
Waterbodies USGS National Hydrography Dataset 
Pennsylvania Counties 
and Municipalities 
Pennsylvania Spatial Data Access, 
http://www.pasda.psu.edu/uci/SearchResults.aspx?originator=&Ke
yword=&sessionID=58903014420156510359&searchType=keywo
rd&condition=OR&entry=PASDA 
Elevation Contours USGS National Map, https://viewer.nationalmap.gov/advanced-
viewer/?p=ned 
Coal Mine Maps Pennsylvania Spatial Data Access, 
http://www.pasda.psu.edu/uci/DataSummary.aspx?dataset=257 
Gulick Wellpad  Well plats obtained from the PADCNR that were then digitized 
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Appendix B: Map of the Creighton Mine 
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Appendix C: WWF Requirements (25 Pa. Code §93.7) 
Dissolved Oxygen: 
7-day average 5.5 mg/l; minimum 5.0 mg/l.  
pH: 
From 6.0 to 9.0 inclusive.  
Temperature: 
PERIOD WWF TEMPERATURE (ºF) 
January 1-31  40 
February 1-29  40 
March 1-31  46 
April 1-15  52 
April 16-30  58 
May 1-15  64 
May 16-31  72 
June 1-15  80 
June 16-30  84 
July 1-31  87 
August 1-15  87 
August 16-30  87 
September 1-15  84 
September 16-30  78 
October 1-15  72 
October 16-31  66 
November 1-15  58 
November 16-30  50 
December 1-31  42 
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Appendix D: PADEP Oil and Gas Reporting Website Disclaimer 
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Appendix E: Sampling Locations in and Around Deer Lakes County Park 
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Appendix F: Well 6H Completion Report 
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Appendix G: Well 7H Completion Report 
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Appendix H: Notice of Violation 
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Appendix I: Non-Surface Use Oil and Gas Lease 
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Appendix J: Allegheny County Ordinance Agenda No. 8182-14 
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Appendix K: YSI-Multimeter Data 
Sample Reference Name Sample  
Date 
Temp (°C) DO (%) DO (mg/L) pH Pressure  
(mmHg) 
Spf. Cond (µS/cm) Cond. (µS/cm) TDS based on SpC (mg/L) 
MS476 Stream 1  6/11/2015 16.6 62.7 6.05 7.32 732 444 373.8 288.6 
MS477 Lake 1  6/11/2015 25.3 55.8 4.57 7.64 732.7 318.2 320.9 206.83 
MS478 Lake 2 Outflow 6/11/2015 25.3 79.8 6.51 8.07 734.4 474.4 477.4 308.36 
MS479 Stream 2  6/11/2015 18.2 70.3 6.62 7.52 730.8 295.1 257.7 191.815 
MS480 Stream 3  6/11/2015 21.7 55 4.82 7.39 731.5 858 806 557.7 
MS496 Stream 1  7/2/2015 14.7 68.9 6.96 7.98 731.5 411 331 267.15 
MS497 Lake 1  7/2/2015 21.2 64.5 5.7 7.94 732.3 215.6 200.3 140.14 
MS498 Lake 3  7/2/2015 20.5 76.2 6.88 7.86 734.1 326.8 298.3 212.42 
MS499 Lake 2  7/2/2015 19.4 73.9 6.83 7.72 733.4 330.2 294.8 214.63 
MS500 Stream 2  7/2/2015 16.7 74.6 7.24 7.98 730.5 262.3 222.4 170.495 
MS501 Stream 3  7/2/2015 15.7 79.1 7.84 7.7 731.2 675 557 438.75 
MS502 Stream 4  7/2/2015 16 84.2 8.28 7.84 730.9 426 353.7 276.9 
MS526 Stream 1  8/4/2015 16.33 69.1 6.69 7.09 732.7 411.3 344.9 267.345 
MS527 Lake 1  8/4/2015 26.4 65.7 5.29 7.22 733.3 231.3 238.1 150.345 
MS528 Lake 2  8/4/2015 25.2 16.6 1.38 6.6 734.4 350.6 353.2 227.89 
MS529 Lake 3  8/4/2015 25.4 34.9 2.86 6.92 735.2 341.9 344.2 222.235 
MS530 Stream 2  8/4/2015 19.2 75.4 6.92 7.38 731.1 313.3 279.1 203.645 
MS531 Stream 3  8/4/2015 19.6 65 5.91 7.06 731.9 712 641 462.8 
MS532 Stream 4  8/4/2015 19.8 78.3 7.07 7.38 731.9 516.9 466.7 335.985 
MS559 Stream 1  9/5/2015 16.6 69.5 6.66 7.68 738.2 421.1 355.5 273.715 
MS560 Lake 1  9/5/2015 24.1 59.7 4.95 7.56 739.1 235.1 230.6 152.815 
MS561 Lake 2  9/5/2015 23.9 17.2 1.44 6.99 740.1 363.6 356.7 236.34 
MS562 Lake 3  9/5/2015 24.6 17.6 1.44 6.93 740.7 365.9 363.1 237.835 
MS563 Stream 2  9/5/2015 19.5 77 6.99 7.41 736.9 386.2 346.8 251.03 
MS564 Stream 4  9/5/2015 21.8 75 6.53 7.52 737.1 466.3 439.7 303.095 
MS565 Stream 3  9/5/2015 21.1 49 4.36 7.04 737.3 565 524 367.25 
MS611 Stream 1  10/17/2015 10 77 8.57 7.62 738.3 449.2 320.5 291.98 
MS612 Lake 1  10/17/2015 11.9 61 6.59 7.55 739.6 239.6 178.1 155.74 
MS613 Lake 2  10/17/2015 12.3 59.7 6.38 7.39 740.5 306.7 230.9 199.355 
MS614 Lake 3  10/17/2015 11.9 60.3 6.52 7.4 741.5 321.6 239 209.04 
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Sample Reference Name Sample  
Date 
Temp (°C) DO (%) DO (mg/L) pH Pressure  
(mmHg) 
Spf. Cond (µS/cm) Cond. (µS/cm) TDS based on SpC (mg/L) 
MS615 Stream 2  10/17/2015 14.2 78.2 8 7.7 737.5 362.8 285.4 235.82 
MS616 Stream 3  10/17/2015 9 66.7 7.67 7.27 738.3 764 529 496.6 
MS617 Stream 4  10/17/2015 9 74.1 8.51 7.42 738.1 528.4 367 343.46 
MS683 Stream 1  1/16/2016 6.1 73.1 9.1 7.95 723.2 290.1 186 188.565 
MS684 Lake 1  1/16/2016 3.6 62.2 8.14 7.57 724.6 245.3 145.1 159.445 
MS685 Lake 2  1/16/2016 2.4 75.8 10.27 7.2 726 388.3 220.5 252.395 
MS686 Lake 3  1/16/2016 1.6 75 10.43 7.21 727.1 350.5 193.9 227.825 
MS687 Stream 2  1/16/2016 4.4 71.8 9.23 7.54 723.3 198.9 120.6 129.285 
MS688 Stream 3  1/16/2016 5 65.9 8.36 7.18 723.9 682.2 420.9 443.43 
MS689 Stream 4  1/16/2016 4.5 77.2 9.9 7.32 723.6 460.1 280 299.065 
MS690 Foam Area 1  1/19/2016 2.4 89.8 12.34 8.06 741.9 363.8 204.7 236.47 
MS709 Foam Area 2  2/18/2016 3.7 90.9 11.94 7.7 747.2 334.8 198.7 217.62 
MS710 Foam Area 1  2/18/2016 3.5 86.9 11.48 7.46 746.8 334.4 197.1 217.36 
MS711 Stream 1  2/18/2016 4.1 81.4 10.64 7.3 746.2 298.6 179 194.09 
MS712 Stream 1 Source 2/18/2016 8.2 68.7 8.54 7.43 744.4 180.2 120.8 117.13 
MS713 Lake 1  2/18/2016 3.4 74.3 9.85 6.83 746.7 256.7 151 166.855 
MS714 Lake 2  2/18/2016 3.4 97.2 12.9 6.91 747.6 576.7 342.4 374.855 
MS715 Lake 3  2/18/2016 1.9 95.8 13.25 6.88 748.4 641.3 359.6 416.845 
MS716 Stream 2  2/18/2016 5.2 91.2 11.53 7.56 744.2 210.1 130.8 136.565 
MS717 Stream 3  2/18/2016 5.6 11.2 11.07 7.12 744.5 571.4 359.7 371.41 
MS718 Stream 4  2/18/2016 4.6 86.9 11.15 7.25 744.3 411.9 251.6 267.735 
MS743 Foam Area 2  3/22/2016 8.5 86.1 9.94 8.25 734.8 329.4 226.5 214.11 
MS744 Stream 1  3/22/2016 9.8 77.1 8.72 7.47 734.4 330.6 235.1 214.89 
MS745 Lake 1  3/22/2016 10.6 85.1 9.43 7.58 734.9 281 204 182.65 
MS746 Foam Area 3  3/22/2016 - - - - - - - #VALUE! 
MS747 Lake 2  3/22/2016 10.3 91.4 10.2 7.62 735.4 434.9 313.7 282.685 
MS748 Lake 3  3/22/2016 9.6 93.5 10.61 7.65 736 489.3 346.2 318.045 
MS749 Stream 2  3/22/2016 10.5 88.2 9.76 7.77 731.7 227 165.3 147.55 
MS750 Stream 3  3/22/2016 10.9 80.2 8.79 7.37 732.1 611.3 447.6 397.345 
MS751 Stream 4  3/22/2016 12.3 86.8 9.22 7.65 731.5 408.2 310.2 265.33 
MS783 Foam Area 2  5/15/2016 9.1 81.9 9.44 8.54 732.7 423.7 294.3 275.405 
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Sample Reference Name Sample  
Date 
Temp (°C) DO (%) DO (mg/L) pH Pressure  
(mmHg) 
Spf. Cond (µS/cm) Cond. (µS/cm) TDS based on SpC (mg/L) 
MS784 Stream 1  5/15/2016 9.3 78.6 9 7.96 732.1 345.3 241.5 224.445 
MS785 Lake 1  5/15/2016 14.3 65.5 6.73 7.92 733 273.4 216.4 177.71 
MS786 Lake 2  5/15/2016 15.3 67.6 6.8 7.77 734 406.7 329.2 264.355 
MS787 Lake 3  5/15/2016 14.7 65.1 6.64 7.64 734.8 433 345.7 281.45 
MS788 Stream 2  5/15/2016 11.1 71 7.84 7.89 730.7 217.4 159.9 141.31 
MS789 Stream 3  5/15/2016 9.4 76 8.66 7.3 731.2 787 552 511.55 
MS790 Stream 4  5/15/2016 9.2 81.2 9.36 7.52 730.9 597.9 417.8 388.635 
MS804 Stream 1  6/25/2016 16.6 74.2 7.06 6.94 737.4 426.1 357.5 276.965 
MS805 Lake 1  6/25/2016 23.9 49.9 4.15 7.19 738.3 282.6 275.8 183.69 
MS806 Lake 2  6/25/2016 24 38.6 3.25 6.81 739 374.1 367.6 243.165 
MS807 Lake 3  6/25/2016 24.8 37.3 3.09 7.03 739.7 395.3 393.6 256.945 
MS808 Stream 2  6/25/2016 19.2 65.8 6.11 7.34 736.1 303.3 272.1 197.145 
MS809 Stream 3  6/25/2016 20.4 56.4 5.04 7.17 736.5 720 657 468 
MS810 Stream 4  6/25/2016 20.1 68.5 6.16 7.46 736.3 517.7 470.6 336.505 
MS811 Stream 1  7/23/2016 21.9 63.5 5.54 7.75 732.2 459.3 432.5 298.545 
MS812 Lake 1  7/23/2016 24.8 52.2 4.29 7.69 734.1 242.3 241 157.495 
MS813 Lake 2  7/23/2016 24.8 18.1 1.51 6.91 734.8 336.7 335 218.855 
MS814 Lake 3  7/23/2016 25.6 35.2 2.88 7.29 735.6 347.5 351.1 225.875 
MS815 Stream 2  7/23/2016 20.6 69.2 6.17 7.58 731.9 273.1 250.7 177.515 
MS816 Stream 3  7/23/2016 21.5 44.3 3.89 7.26 732.4 651 609 423.15 
MS817 Stream 4  7/23/2016 21.9 63.5 5.54 7.75 732.2 459.3 432.5 298.545 
MS834 Stream 1  8/26/2016 18.9 55.5 5.08 6.63 735.9 456.2 403.8 296.53 
MS835 Lake 1  8/26/2016 26.6 57.7 4.62 8.11 736.7 282.7 291.2 183.755 
MS836 Lake 2  8/26/2016 26.3 30 2.42 6.86 737.6 383.2 392.7 249.08 
MS837 Lake 3  8/26/2016 28.8 33.5 2.58 7.11 738.3 404.9 435 263.185 
MS838 Stream 2  8/26/2016 22.4 70 5.96 7.5 734.6 345.1 329.1 224.315 
MS839 Stream 3  8/26/2016 22.3 65.5 5.53 7.33 735 883 838 573.95 
MS840 Stream 4  8/26/2016 22.5 60.1 5.16 7.62 734.5 698 666 453.7 
MS841 Stream 1  9/16/2016 17.2 46.9 4.45 6.71 736.6 469.9 400.9 305.435 
MS842 Lake 1  9/16/2016 23.5 45.1 3.8 7.41 737.3 226.7 220.2 147.355 
MS843 Lake 2  9/16/2016 24 34.5 2.89 7 737.6 359.3 382.6 233.545 
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Sample Reference Name Sample  
Date 
Temp (°C) DO (%) DO (mg/L) pH Pressure  
(mmHg) 
Spf. Cond (µS/cm) Cond. (µS/cm) TDS based on SpC (mg/L) 
MS844 Lake 3  9/16/2016 26.1 26.3 2.13 7.18 738.1 427.4 436.8 277.81 
MS845 Stream 2  9/16/2016 22.5 61.6 5.25 7.53 734.3 374 358.2 243.1 
MS846 Stream 3  9/16/2016 20.1 43.2 3.85 7.29 734.8 796 723 517.4 
MS847 Stream 4  9/16/2016 20.2 60 5.4 7.75 734.5 558 5.9 362.7 
MS848 Marsh  9/16/2016 18.6 6.1 0.55 6.49 736.4 492.8 432.6 320.32 
MS861 Stream 1  10/14/2016 13 53.5 5.61 6.66 740.7 482.4 372.3 313.56 
MS862 Marsh  10/14/2016 11.2 69.3 7.72 7.2 741.4 456.6 337 296.79 
MS863 Marsh  10/14/2016 12.2 4.6 0.48 6.67 741.5 482.4 364.3 313.56 
MS864 Lake 1  10/14/2016 14.2 62.6 6.38 7.51 741.6 299.5 237 194.675 
MS865 Lake 2  10/14/2016 17.2 56.4 5.44 7.35 742.1 402.9 343.3 261.885 
MS866 Lake 3  10/14/2016 17 59.1 5.68 7.52 742.6 429.9 364.4 279.435 
MS867 Stream 2  10/14/2016 18 69.8 6.51 7.78 738.7 399.3 346 259.545 
MS868 Stream 3  10/14/2016 12 69 7.35 7.3 739.4 923 695 599.95 
MS869 Stream 4  10/14/2016 11.4 75.6 8.19 7.62 739.4 570.5 422.8 370.825 
MS906 Stream 1  11/11/2016 11.7 81 8.66 7 734.2 481.7 359.6 313.105 
MS907 Marsh  11/11/2016 9.5 30.8 3.39 6.62 735.2 403.7 284.4 262.405 
MS908 Marsh  11/11/2016 9.4 / 9.46 7.24 735.3 428.8 300.6 278.72 
MS909 Lake 1  11/11/2016 10.5 57 6.32 7.24 735.9 276 199.4 179.4 
MS910 Lake 2  11/11/2016 10.2 86.2 9.66 7.41 737.6 356.2 255.3 231.53 
MS911 Lake 3  11/11/2016 10.2 87 9.71 7.65 738.6 355.6 254.7 231.14 
MS912 Stream 2  11/11/2016 12.8 85.9 9.06 7.89 735 259.9 198.2 168.935 
MS913 Stream 3  11/11/2016 8.9 61.9 7.01 7.3 735.6 801 554 520.65 
MS914 Stream 4  11/11/2016 8.3 91.7 10.79 7.7 735 493.5 335 320.775 
MS928 Stream 1  12/15/2016 5.5 114 13.62 8.06 737.5 328 205.4 213.2 
MS929 Marsh  12/15/2016 1.1 87.8 12.38 7.16 738.1 284.9 154.7 185.185 
MS930 Lake 1  12/15/2016 1 122.9 17.34 7.67 738.1 237.1 128.4 154.115 
MS931 Lake 2  12/15/2016 0.2 149.7 20.89 7.62 739 436.3 230.3 283.595 
MS932 Stream 2  12/15/2016 / / / / / / / #VALUE! 
MS933 Stream 3  12/15/2016 -0.1 167 23 7.79 735.1 585.8 305.2 380.77 
MS934 Stream 4  12/15/2016 / / / / / / / #VALUE! 
MS935 Stream 1  1/20/2017 11.3 76.4 8.37 7.09 726.3 411.9 303.7 267.735 
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Sample Reference Name Sample  
Date 
Temp (°C) DO (%) DO (mg/L) pH Pressure  
(mmHg) 
Spf. Cond (µS/cm) Cond. (µS/cm) TDS based on SpC (mg/L) 
MS936 Foam Area 1  1/20/2017 8.7 78.3 9.09 7.1 726.6 478.5 329.8 311.025 
MS937 Lake 1 Storm Runoff 1/20/2017 6.9 81.2 9.88 6.96 726.8 106.6 69.7 69.29 
MS938 Lake 1  1/20/2017 6.6 83.6 10.25 7.19 726.9 304.8 197.5 198.12 
MS939 Lake 2  1/20/2017 6.3 88.3 10.89 7.16 727.7 446.4 287 290.16 
MS940 Lake 3  1/20/2017 5.8 86.6 10.82 7.2 728.4 495.3 313.8 321.945 
MS941 Stream 2  1/20/2017 7.2 93.6 11.31 7.6 724.5 228.7 150.8 148.655 
MS942 Stream 3  1/20/2017 7.7 96 11.44 7.37 725.1 658.6 440.6 428.09 
MS943 Stream 4  1/20/2017 8 88.3 10.44 7.45 724.8 510.7 344.9 331.955 
MS949 Stream 1  2/17/2017 9.2 89.4 10.27 7.2 730.1 374.9 262 243.685 
MS950 Marsh  2/17/2017 6 91.7 11.39 7.14 731 360.5 229.9 234.325 
MS951 Marsh  2/17/2017 4 34.1 4.47 6.71 730.9 358.9 214.6 233.285 
MS952 Lake 1  2/17/2017 4.2 89.2 11.62 7.29 730.9 321.7 194 209.105 
MS953 Lake 2  2/17/2017 4.5 95.9 12.39 7.45 731.5 474.3 288.4 308.295 
MS954 Lake 3  2/17/2017 3.7 100.5 13.26 7.48 732 513.2 304.4 333.58 
MS955 Stream 2  2/17/2017 5.3 108.2 13.76 7.82 727.9 240.8 150.2 156.52 
MS956 Stream 3  2/17/2017 6.4 108.5 13.33 7.56 728.3 597 385.3 388.05 
MS957 Stream 4  2/17/2017 6.3 100.8 12.29 7.8 727.7 452.6 295.2 294.19 
MS966 Stream 1  3/24/2017 9.8 78.6 8.91 6.68 737.7 360.2 255.6 234.13 
MS967 Marsh  3/24/2017 9.1 85 9.78 7.15 738.3 458.9 319.9 298.285 
MS968 Lake 1  3/24/2017 10.3 82.9 9.28 7.42 738 294.8 212.3 191.62 
MS969 Lake 2  3/24/2017 10.8 96.3 10.66 7.7 738.7 440.6 320.8 286.39 
MS970 Lake 3  3/24/2017 9.9 102.9 11.62 7.75 739.2 437.4 311.5 284.31 
MS971 Stream 2  3/24/2017 10.5 85.7 9.54 7.79 735.2 262.3 189.8 170.495 
MS972 Stream 3  3/24/2017 12.3 81.2 8.67 7.53 735.4 654.7 496.1 425.555 
MS973 Stream 4  3/24/2017 13.5 97.1 10.11 7.75 734.8 434.4 338.9 282.36 
MS983 Stream 1  4/21/2017 14.2 83.1 8.45 7.63 730.8 304.6 212.4 197.99 
MS984 Marsh  4/21/2017 14.5 68.6 6.95 7.54 731.6 289.9 194.4 188.435 
MS985 Lake 1  4/21/2017 17.5 71.2 6.81 8.01 731.4 258.2 164.9 167.83 
MS986 Lake 2  4/21/2017 17.7 79.8 7.59 7.88 732.4 365 303.4 237.25 
MS987 Lake 3  4/21/2017 18.7 70.4 6.56 7.84 733 273.1 220.3 177.515 
MS988 Stream 2  4/21/2017 16.1 77.8 7.66 7.95 729.3 199.2 161.9 129.48 
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Sample Reference Name Sample  
Date 
Temp (°C) DO (%) DO (mg/L) pH Pressure  
(mmHg) 
Spf. Cond (µS/cm) Cond. (µS/cm) TDS based on SpC (mg/L) 
MS989 Stream 3  4/21/2017 16.2 73.7 7.23 7.64 729.6 558.3 459.5 362.895 
MS990 Stream 4  4/21/2017 15.7 82.9 8.22 7.68 729.7 468 378.3 304.2 
MS991 Local Spring 4/21/2017 14 74.4 7.67 7.42 734.2 374.6 315 243.49 
MS1002 Stream 1  5/19/2017 13.7 83.5 8.65 6.99 733 379.4 297.6 246.61 
MS1003 Lake 1  5/19/2017 19.9 53.3 4.86 7.44 733.9 261.8 236.1 170.17 
MS1004 Lake 2  5/19/2017 21.1 89.9 7.99 7.53 735.1 350.8 324.8 228.02 
MS1005 Lake 3  5/19/2017 21.3 71.6 6.34 7.51 736 364.5 338.8 236.925 
MS1006 Stream 2  5/19/2017 15.2 80.9 8.12 7.54 732.5 230.3 187.2 149.695 
MS1007 Stream 3  5/19/2017 16.2 80.9 7.94 7.31 732.8 570.5 474.5 370.825 
MS1008 Stream 4  5/19/2017 15.8 92.7 9.17 7.51 732.6 407.9 336.5 265.135 
MS1037 Stream 1  6/13/2017 16.3 77.6 7.44 6.86 734 412.4 344.8 268.06 
MS1038 Marsh  6/13/2017 19 69.8 6.42 7.51 734.6 363 322.3 235.95 
MS1039 Lake 1  6/13/2017 25.3 72 5.89 8.02 734.6 275.6 277.9 179.14 
MS1040 Lake 2  6/13/2017 25.8 62.5 5.07 7.55 735.4 380.7 388.7 247.455 
MS1041 Lake 3  6/13/2017 26.5 64.1 5.14 7.84 736.1 393.2 405.8 255.58 
MS1042 Stream 2  6/13/2017 17.9 82.5 7.58 7.91 732.4 297.6 263.2 193.44 
MS1043 Stream 3  6/13/2017 21.2 63.8 5.64 7.6 733 653 607 424.45 
MS1044 Stream 4  6/13/2017 20.9 75 6.61 7.87 732.6 259.6 239.1 168.74 
MS1063 Stream 1  7/18/2017 17.5 63.9 6.1 7.15 736.3 362.3 310.7 235.495 
MS1064 Marsh  7/18/2017 20.4 69.4 6.23 7.43 737 339.1 311 220.415 
MS1065 Lake 1  7/18/2017 27.6 55.8 4.38 7.79 737 236.3 248.8 153.595 
MS1066 Lake 2  7/18/2017 27.1 24.8 1.97 7.15 737.9 322.1 335.8 209.365 
MS1067 Lake 3  7/18/2017 27.7 58.7 4.55 - 738.6 329.1 346.1 213.915 
MS1068 Stream 2  7/18/2017 20.4 63.1 5.63 7.7 348.8 238.9 218.2 155.285 
MS1069 Stream 3  7/18/2017 22 60.6 5.23 7.46 735.4 636 600 413.4 
MS1070 Stream 4  7/18/2017 22.4 60.1 5.2 7.79 735.3 391.5 372.8 254.475 
MS1099 Stream 1  8/25/2017 16.2 73.3 7.2 7.9 738.1 403.1 335.4 262.015 
MS1100 Marsh  8/25/2017 18.2 7.9 0.75 6.91 738.8 389.5 339 253.175 
MS1101 Lake 1  8/25/2017 23.4 74.2 6.32 8.07 738.8 223.1 216.1 145.015 
MS1102 Lake 2  8/25/2017 24.2 51.5 4.32 - 739.8 315.4 310.6 205.01 
MS1103 Lake 3  8/25/2017 24.5 49.8 4.15 7.46 740.5 300.2 297.3 195.13 
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Sample Reference Name Sample  
Date 
Temp (°C) DO (%) DO (mg/L) pH Pressure  
(mmHg) 
Spf. Cond (µS/cm) Cond. (µS/cm) TDS based on SpC (mg/L) 
MS1104 Stream 2  8/25/2017 19.8 66.1 6.04 7.72 736.6 321.6 289.4 209.04 
MS1105 Stream 3  8/25/2017 17.5 77.4 7.39 7.52 737.2 628 539 408.2 
MS1106 Stream 4  8/25/2017 17.7 74.8 7.12 7.75 737.1 438.7 377.3 285.155 
MS1147 Stream 1  11/21/2017 10.1 75.4 8.49 7.09 732.4 334.2 238.8 217.23 
MS1148 Lake 1  11/21/2017 7.3 76.4 9.21 6.7 732.8 258.4 170.8 167.96 
MS1149 Lake 2  11/21/2017 5.8 91.2 11.4 6.93 733.6 285.8 181 185.77 
MS1150 Lake 3  11/21/2017 5 94.1 12 7.24 734.1 319.3 197.5 207.545 
MS1151 Stream 2  11/21/2017 9.3 78.3 8.99 7.38 730.3 217.3 152 141.245 
MS1152 Stream 3  11/21/2017 8.5 76.6 8.96 7.27 731 456.2 312 296.53 
MS1153 Stream 4  11/21/2017 9.3 78.7 9.03 7.2 730.3 307.7 215.2 200.005 
MS1183 Stream 1  3/16/2018 5.6 93.1 11.67 7.7 734.8 396.1 249.7 257.465 
MS1184 Marsh  3/16/2018 2.9 55 7.41 6.98 735.7 332.8 192.4 216.32 
MS1185 Stream 2  3/16/2018 4.8 100.6 12.91 7.04 733.3 268.6 165 174.59 
MS1186 Stream 4  3/16/2018 3.5 102.6 13.61 7.03 733.5 457.3 269.4 297.245 
MS1195 Little Deer Creek S. 3/16/2018 5.6 100 12.54 7.31 739.6 690.4 435.1 448.76 
MS1196 Little Deer Creek N. 3/16/2018 5.5 91.6 11.5 6.4 739.4 1245 781 809.25 
MS1245 Lake 2  6/15/2018 21.5 77.6 6.84 7.76 737.1 623 581 404.95 
MS1246 Lake 3  6/15/2018 21.9 63.7 5.58 7.61 737.7 387.1 363.8 251.615 
MS1247 Stream 1  6/15/2018 13.8 84.7 8.77 7.48 735 346.9 272.4 225.485 
MS1248 Marsh  6/15/2018 15.8 10.1 1 6.91 735.8 367.5 303.1 238.875 
MS1249 Marsh  6/15/2018 15.9 8.7 0.86 6.84 735.7 342.9 283.2 222.885 
MS1250 Lake 1  6/15/2018 22.6 64.5 5.57 7.6 735.7 245.3 233.9 159.445 
MS1251 Stream 2  6/15/2018 16.6 86.7 8.45 7.6 733.5 257.2 215.8 167.18 
MS1252 Stream 3  6/15/2018 21.9 63.7 5.58 7.61 737.7 387.1 363.8 251.615 
MS1253 Local Spring 6/15/2018 13 89.5 9.42 7.31 738.4 409.8 316.1 266.37 
MS1254 Stream 4  6/15/2018 15.9 84.8 8.37 7.78 733.5 377.5 312.1 245.375 
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Appendix L: Ion Chromatography Data 
   
mg/L 
Sample Reference Name Analysis Date Fluoride Chloride  Nitrite  Bromide  Nitrate  Phosphate  Sulfate TC  
MS476 Stream 1  6/12/2015 bdl 32.84 bdl bdl 1.27 bdl 33.39 30.69 
MS477 Lake 1  6/12/2015 bdl 18.56 bdl bdl 0.57 bdl 21.78 24.62 
MS478 Lake 2 Outflow 6/12/2015 bdl 59.82 bdl bdl 0.54 bdl 20.46 28.01 
MS479 Stream 2  6/12/2015 0.01 23.09 bdl bdl 3.51 0.27 29.78 13.67 
MS480 Stream 3  6/12/2015 bdl 195.4 bdl bdl 2.42 bdl 31.04 31.27 
MS496 Stream 1  7/6/2015 bdl 22.58 bdl bdl 1.43 bdl 34.25 24.39 
MS497 Lake 1  7/6/2015 bdl 7.02 bdl bdl 0.3 bdl 15.7 20.04 
MS498 Lake 3  7/6/2015 bdl 26.18 bdl bdl 0.43 bdl 16.97 21.26 
MS499 Lake 2  7/6/2015 bdl 28.04 bdl bdl 0.6 bdl 19.51 19.82 
MS500 Stream 2  7/6/2015 bdl 7.12 bdl bdl 3.01 bdl 27.88 16.02 
MS501 Stream 3  7/6/2015 bdl 100.47 bdl bdl 1.6 bdl 30.87 22.86 
MS502 Stream 4  7/6/2015 bdl 50.45 bdl bdl 1.39 bdl 23.68 17.88 
MS526 Stream 1  8/5/2015 0.01 32.58 bdl bdl 1.05 bdl 35.85 29.9 
MS527 Lake 1  8/5/2015 0.03 9.02 bdl bdl 0.13 bdl 18.03 24.25 
MS528 Lake 2  8/5/2015 0.03 36.06 bdl bdl 0.12 bdl 15.58 28.61 
MS529 Lake 3  8/5/2015 0.03 32.44 bdl bdl 0.18 bdl 11.69 31.41 
MS530 Stream 2  8/5/2015 0.17 26.43 bdl bdl 1.6 bdl 54.63 17.79 
MS531 Stream 3  8/5/2015 0.02 152.53 bdl bdl 1.86 bdl 33.62 30.61 
MS532 Stream 4  8/5/2015 0.03 89.08 bdl bdl 0.95 bdl 28.66 26.75 
MS559 Stream 1  9/8/2015 0.03 29.57 bdl bdl 0.5 bdl 30.18 28.65 
MS560 Lake 1  9/8/2015 0.05 10.12 bdl bdl 0.1 bdl 15.13 22.29 
MS561 Lake 2  9/8/2015 0.06 39.54 bdl bdl 0.12 bdl 11.5 13.38 
MS562 Lake 3  9/8/2015 0.05 35.72 bdl bdl 0.09 4.87 7.88 32.47 
MS563 Stream 2  9/8/2015 0.26 35.84 bdl bdl* 1.68 0.24 82.83 12.5 
MS564 Stream 4  9/8/2015 0.05 62.86 bdl bdl 0.09 bdl 26.73 27.5 
MS565 Stream 3  9/8/2015 0.04 80.9 bdl bdl 0.85 bdl 39.2 32.17 
MS611 Stream 1  10/19/2015 bdl* 33.68 bdl bdl 0.99 bdl 38.06 39.44 
MS612 Lake 1  10/19/2015 bdl 11.54 bdl bdl 1.56 bdl 13.46 23.51 
MS613 Lake 2  10/19/2015 bdl 30.03 bdl bdl 1.6 bdl 18.07 26.11 
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mg/L 
Sample Reference Name Analysis Date Fluoride Chloride  Nitrite  Bromide  Nitrate  Phosphate  Sulfate TC  
MS614 Lake 3  10/19/2015 bdl 29.63 bdl bdl 1.75 bdl 13.96 23.36 
MS615 Stream 2  10/19/2015 bdl* 33.75 bdl bdl 4.31 0.18 68.88 12.13 
MS616 Stream 3  10/19/2015 bdl 169.08 bdl bdl 2.68 bdl 39.7 25.13 
MS617 Stream 4  10/19/2015 bdl 88.75 bdl bdl 1.92 bdl 29.32 21.25 
MS683 Stream 1  2/16/2016 0.089 14.9239 bdl bdl 0.9027 bdl 27.1862 17.95 
MS684 Lake 1  2/16/2016 0.109 10.0245 bdl bdl 0.8645 bdl 21.9482 18.96 
MS685 Lake 2  2/16/2016 0.1096 56.5561 0.17 bdl 1.4625 bdl 23.7313 17.36 
MS686 Lake 3  2/16/2016 0.1139 37.6897 0.15 bdl 1.0903 bdl 23.4951 18.97 
MS687 Stream 2  2/16/2016 0.1416 5.3147 bdl bdl 4.3761 bdl 26.9232 12.25 
MS688 Stream 3  2/16/2016 0.0873 129.0139 bdl bdl 2.0145 bdl 24.4003 16.14 
MS689 Stream 4  2/16/2016 0.075 84.5578 bdl bdl 2.3753 bdl 22.578 12.5 
MS690 Foam Area 1  2/16/2016 0.0953 28.9093 bdl bdl 0.5912 0.33 34.9882 21.65 
MS709 Foam Area 2  2/19/2016 0.0794 30.8873 bdl bdl 0.8706 bdl 29.6319 37.56 
MS710 Foam Area 1  2/19/2016 0.0736 34.6825 bdl bdl 0.8381 bdl 27.2313 14.53 
MS711 Stream 1  2/19/2016 0.0789 23.659 bdl bdl 1.2436 bdl 30.7977 33.78 
MS712 Stream 1 Source 2/19/2016 0.0647 1.0276 bdl bdl 0.8946 bdl 24.2438 13.52 
MS713 Lake 1  2/19/2016 0.0706 20.2624 bdl bdl 0.767 bdl 17.6452 12.89 
MS714 Lake 2  2/19/2016 0.103 113.1982 bdl bdl 3.2748 bdl 25.2695 22.36 
MS715 Lake 3  2/19/2016 0.104 122.7922 bdl bdl 1.0087 bdl 26.5641 21.67 
MS716 Stream 2  2/19/2016 0.1464 6.4952 bdl bdl 3.7889 bdl 26.9814 16.2 
MS717 Stream 3  2/19/2016 bdl 119.2425 bdl bdl 3.2131 bdl 28.3472 14.29 
MS718 Stream 4  2/19/2016 bdl 77.36 bdl bdl 2.2712 bdl 24.1097 12.11 
MS743 Foam Area 2  3/23/2016 0.0947 26.1536 bdl bdl 0.4971 bdl 33.4847 103.3 
MS744 Stream 1  3/23/2016 0.0888 23.7311 bdl bdl 0.8074 bdl 32.4492 108.9 
MS745 Lake 1  3/23/2016 0.1149 21.7057 bdl bdl 0.0877 bdl 28.0176 110.9 
MS746 Foam Area 3  3/23/2016 0.107 22.1566 bdl bdl 0.133 bdl 28.3826 108.6 
MS747 Lake 2  3/23/2016 0.1252 74.2807 bdl bdl 0.6665 bdl 30.1086 88.41 
MS748 Lake 3  3/23/2016 0.1186 87.8422 bdl bdl 0.1701 bdl 28.0109 113.8 
MS749 Stream 2  3/29/2016 0.2973 11.2553 bdl bdl 5.324 bdl 30.2881 94.9 
MS750 Stream 3  3/29/2016 0.079 113.9145 bdl bdl 1.7078 bdl 28.2194 110.1 
MS751 Stream 4  3/29/2016 0.0933 63.2586 bdl bdl 1.6271 bdl 24.1102 101.4 
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mg/L 
Sample Reference Name Analysis Date Fluoride Chloride  Nitrite  Bromide  Nitrate  Phosphate  Sulfate TC  
MS783 Foam Area 2  5/17/2016 0.0816 31.7387 bdl bdl 0.5322 bdl 25.7446 16.83 
MS784 Stream 1  5/17/2016 0.0782 21.6336 bdl bdl 0.9092 bdl 25.7159 17.68 
MS785 Lake 1  5/17/2016 0.0976 16.7062 bdl bdl 0.0861 bdl 20.9795 14.83 
MS786 Lake 2  5/17/2016 0.1121 52.7128 bdl bdl 1.9226 bdl 19.2443 16.36 
MS787 Lake 3  5/17/2016 0.1244 54.2822 bdl bdl 0.2203 bdl 16.2239 18.48 
MS788 Stream 2  5/17/2016 0.4682 13.5115 bdl bdl 2.0779 0.1829 24.751 8.604 
MS789 Stream 3  5/17/2016 0.0714 154.0738 bdl bdl 2.0667 bdl 24.771 18.28 
MS790 Stream 4  5/17/2016 0.0849 111.9362 bdl bdl 1.0478 bdl 21.9489 13.5 
MS804 Stream 1  6/27/2016 0.0904 25.2418 bdl bdl 0.547 bdl 17.5399 20.2 
MS805 Lake 1  6/27/2016 0.1296 13.968 bdl bdl bdl bdl 11.5002 17.4 
MS806 Lake 2  6/27/2016 0.1368 37.6725 bdl bdl bdl bdl 10.0036 20.03 
MS807 Lake 3  6/27/2016 0.1294 38.9095 bdl bdl bdl bdl 7.6863 22.01 
MS808 Stream 2  6/27/2016 0.5418 18.175 bdl bdl 1.7356 bdl 23.0412 11.31 
MS809 Stream 3  6/27/2016 0.0942 105.4451 bdl bdl 1.3456 bdl 15.1069 19.96 
MS810 Stream 4  6/27/2016 0.1109 67.0884 bdl bdl 0.829 bdl 12.9729 17.27 
MS811 Stream 1  7/25/2016 0.0211 26.9293 bdl bdl 0.9158 bdl 32.4356 21.19 
MS812 Lake 1  7/25/2016 0.0362 14.2605 bdl bdl 0.3115 bdl 19.0952 18.07 
MS813 Lake 2  7/25/2016 0.0518 41.9704 bdl bdl 0.5892 bdl 14.8069 22.87 
MS814 Lake 3  7/25/2016 0.061 43.1552 bdl bdl 0.6157 bdl 9.0064 24.68 
MS815 Stream 2  7/25/2016 0.2465 27.455 bdl bdl 1.3094 bdl 55.0447 8.16 
MS816 Stream 3  7/25/2016 0.0433 151.3364 bdl bdl 2.7433 bdl 32.0515 22.46 
MS817 Stream 4  7/25/2016 0.0533 82.6252 bdl bdl 1.3159 bdl 28.1654 19.09 
MS834 Stream 1  8/29/2016 0.0392 23.9388 bdl bdl 0.9957 bdl 29.5079 21.44 
MS835 Lake 1  8/29/2016 0.0342 13.258 bdl bdl bdl bdl 16.0492 15.66 
MS836 Lake 2  8/29/2016 0.0854 36.1358 bdl bdl 1.4976 bdl 12.2774 20.66 
MS837 Lake 3  8/29/2016 0.087 38.0208 bdl bdl 0.0302 bdl 6.6887 23.82 
MS838 Stream 2  8/29/2016 0.3955 28.2159 bdl bdl 2.3317 0.2108 58.8912 7.283 
MS839 Stream 3  8/29/2016 0.0479 186.8563 bdl bdl 2.6478 0.1 29.367 21.06 
MS840 Stream 4  8/29/2016 0.0726 133.3844 bdl bdl 1.2225 bdl 26.6716 18.71 
MS841 Stream 1  9/20/2016 0.0252 26.4386 bdl 0.027 0.6772 bdl 31.0417 23.04 
MS842 Lake 1  9/20/2016 0.0478 13.2862 bdl bdl 0.0074 bdl 14.7256 15.46 
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mg/L 
Sample Reference Name Analysis Date Fluoride Chloride  Nitrite  Bromide  Nitrate  Phosphate  Sulfate TC  
MS843 Lake 2  9/20/2016 0.0554 34.4855 bdl 0.024 0.219 bdl 11.7977 21.58 
MS844 Lake 3  9/20/2016 0.0655 37.3 bdl bdl 0.0545 bdl 6.7967 25.8 
MS845 Stream 2  9/20/2016 0.4178 29.6777 bdl 0.033 2.1877 0.2365 60.3247 7.22 
MS846 Stream 3  9/20/2016 0.057 133.5859 bdl bdl 4.447 0.595 33.1628 23.55 
MS847 Stream 4  9/20/2016 0.0474 74.3917 bdl bdl 0.1926 bdl 23.8315 19.77 
MS848 Marsh  9/20/2016 0.0593 12.0104 bdl bdl 0.0454 bdl 4.03 42.52 
MS861 Stream 1  10/17/2016 0.0318 27.7673 bdl bdl 0.7305 bdl 31.666 18.18 
MS862 Marsh  10/17/2016 0.046 29.3606 bdl bdl 0.4309 bdl 30.8957 15.48 
MS863 Marsh  10/17/2016 0.0699 11.3572 bdl bdl 0.0416 bdl 8.453 25.88 
MS864 Lake 1  10/17/2016 0.0528 14.4661 bdl bdl 0.0771 bdl 13.8538 13.17 
MS865 Lake 2  10/17/2016 0.0632 37.1289 bdl bdl 0.8104 bdl 15.1392 14.4 
MS866 Lake 3  10/17/2016 0.0549 36.9144 bdl bdl 0.1162 bdl 10.606 17.4 
MS867 Stream 2  10/17/2016 0.2992 33.4713 bdl bdl 2.2593 0.301 63.8973 5.527 
MS868 Stream 3  10/17/2016 0.0356 182.3773 bdl bdl 5.6779 0.2328 35.2115 15.91 
MS869 Stream 4  10/17/2016 0.0461 77.6702 bdl bdl 0.2395 bdl 25.0962 70 
MS906 Stream 1  11/15/2016 0.0242 36.8251 bdl bdl 1.4527 bdl 38.7069 14.81 
MS907 Marsh  11/15/2016 0.0492 11.1795 bdl bdl 1.2557 bdl 14.6999 21.57 
MS908 Marsh  11/15/2016 0.0316 36.2388 bdl bdl 1.1425 bdl 39.0688 14.46 
MS909 Lake 1  11/15/2016 0.0314 15.9533 bdl bdl 0.9365 0.1336 16.856 55.09 
MS910 Lake 2  11/15/2016 0.0499 39.4384 bdl bdl 3.1806 bdl 21.0601 11.02 
MS911 Lake 3  11/15/2016 0.0433 35.384 bdl bdl 1.3155 bdl 17.0902 61.66 
MS912 Stream 2  11/15/2016 0.1168 27.3796 bdl bdl 3.14 0.4191 30.9634 4.254 
MS913 Stream 3  11/15/2016 0.0186 188.6657 bdl bdl 5.118 0.1995 37.2156 13.1 
MS914 Stream 4  11/15/2016 0.0325 82.694 bdl bdl 1.2672 bdl 27.9791 10.3 
MS928 Stream 1  12/19/2016 0.016 27.9309 bdl bdl 1.0488 bdl 37.6529 11.45 
MS929 Marsh  12/19/2016 0.0104 5.3247 bdl bdl 0.3853 bdl 36.3537 10.99 
MS930 Lake 1  12/19/2016 0.0142 15.7897 bdl bdl 0.0663 bdl 18.0676 8.4 
MS931 Lake 2  12/19/2016 0.0113 93.1885 bdl bdl 1.4119 bdl 24.9891 8.2 
MS932 Stream 2  12/19/2016 0.0891 20.7464 bdl bdl 4.77 0.117 30.2252 5.6 
MS933 Stream 3  12/19/2016 bdl 176.1463 bdl bdl 4.4736 bdl 34.9428 10.31 
MS934 Stream 4  12/19/2016 bdl 91.3556 bdl bdl 2.4821 bdl 24.8287 8.33 
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mg/L 
Sample Reference Name Analysis Date Fluoride Chloride  Nitrite  Bromide  Nitrate  Phosphate  Sulfate TC  
MS935 Stream 1  1/20/2017 0.0083 20.4508 bdl bdl 0.6732 bdl 25.857 11.88 
MS936 Foam Area 1  1/20/2017 0.01 63.9468 bdl bdl 2.9551 bdl 29.8354 11.3 
MS937 Lake 1 Storm Runoff 1/20/2017 0.0016 0.9054 bdl bdl 0.7773 bdl 9.0437 5.629 
MS938 Lake 1  1/20/2017 n.a. 23.3172 bdl bdl 1.2092 bdl 23.0201 11.3 
MS939 Lake 2  1/20/2017 0.012 66.3066 bdl bdl 4.6021 bdl 16.6199 9.299 
MS940 Lake 3  1/20/2017 0.0193 99.95 bdl bdl 1.3839 bdl 20.8246 10.99 
MS941 Stream 2  1/20/2017                 
MS942 Stream 3  1/20/2017 0.0084 161.9606 bdl bdl 2.4884 bdl 28.4478 10.77 
MS943 Stream 4  1/20/2017 0.0095 105.5927 bdl bdl 2.7471 bdl 23.3135 8.159 
MS949 Stream 1  2/17/2017 0.0016 22.866 bdl bdl 1.1976 bdl 30.1973 na 
MS950 Marsh  2/17/2017 0.0197 30.0916 bdl bdl 4.7161 bdl 30.3856 na 
MS951 Marsh  2/17/2017 0.0026 33.4031 bdl bdl 1.0718 bdl 22.5607 na 
MS952 Lake 1  2/17/2017 0.0001 25.4205 bdl bdl 0.8452 bdl 26.3109 na 
MS953 Lake 2  2/17/2017 n.a. 87.2299 bdl bdl 2.061 bdl 26.8233 na 
MS954 Lake 3  2/17/2017 0.0132 99.0463 bdl bdl 1.2012 bdl 25.672 na 
MS955 Stream 2  2/17/2017 0.0538 9.1661 bdl bdl 5.9039 0.0775 22.2682 na 
MS956 Stream 3  2/17/2017 0.0063 138.7855 bdl bdl 1.8308 bdl 29.2413 na 
MS957 Stream 4  2/17/2017 n.a. 72.5534 bdl bdl 2.6831 bdl 22.519 na 
MS966 Stream 1  3/24/2017 0.056 23.3632 bdl bdl 0.4957 bdl 33.9072 9.964 
MS967 Marsh  3/24/2017 0.0373 79.485 bdl bdl 0.272 bdl 33.7127 11.57 
MS968 Lake 1  3/24/2017 0.0394 20.9818 bdl bdl 0.255 0.1943 27.6259 12.39 
MS969 Lake 2  3/24/2017 0.0605 82.4175 bdl bdl 1.9873 bdl 28.1934 9.952 
MS970 Lake 3  3/24/2017 0.1007 73.1399 bdl bdl 0.3197 bdl 25.0284 11.08 
MS971 Stream 2  3/24/2017 0.1983 17.296 bdl bdl 4.464 0.103 40.3966 7.181 
MS972 Stream 3  3/24/2017 0.0426 162.7973 bdl bdl 1.3571 bdl 30.9852 9.48 
MS973 Stream 4  3/24/2017 0.0409 82.6673 bdl bdl 0.8418 bdl 25.8289 10.08 
MS983 Stream 1  4/24/2017 0.0515 16.321 bdl bdl 1.3641 bdl 28.3408 9.579 
MS984 Marsh  4/24/2017 0.0402 21.4254 bdl bdl 1.4095 bdl 37.1975 10.19 
MS985 Lake 1  4/24/2017 0.0807 14.5072 bdl bdl 0.6997 bdl 26.0565 9.784 
MS986 Lake 2  4/24/2017 0.0692 48.9956 bdl bdl 1.551 bdl 25.1896 9.932 
MS987 Lake 3  4/24/2017 0.0667 47.8804 bdl bdl 0.8988 bdl 22.0272 10.51 
  
 
2
6
2
 
   
mg/L 
Sample Reference Name Analysis Date Fluoride Chloride  Nitrite  Bromide  Nitrate  Phosphate  Sulfate TC  
MS988 Stream 2  4/24/2017 0.1446 7.2053 bdl bdl 4.2463 bdl 26.9015 6.826 
MS989 Stream 3  4/24/2017 0.0338 95.7287 bdl bdl 1.8195 bdl 20.0215 9.352 
MS990 Stream 4  4/24/2017 0.0507 99.8525 bdl bdl 2.3888 bdl 24.5124 7.807 
MS991 Local Spring 4/24/2017 0.1321 1.5631 bdl bdl 2.7503 bdl 34.867 19.58 
MS1002 Stream 1  5/19/2017 0.0605 23.9672 bdl bdl 1.143 bdl 31.3219 12.55 
MS1003 Lake 1  5/19/2017 0.0804 11.4046 bdl bdl 0.6078 bdl 24.0059 11.15 
MS1004 Lake 2  5/19/2017 0.102 41.4309 bdl bdl 0.9813 bdl 25.6883 10.79 
MS1005 Lake 3  5/19/2017 0.1072 42.9271 bdl bdl 0.7241 bdl 26.5104 11.9 
MS1006 Stream 2  5/19/2017 0.3241 14.9735 bdl bdl 3.1573 0.2032 33.0936 6.019 
MS1007 Stream 3  5/19/2017 0.0622 117.8086 bdl bdl 1.3547 0.095 31.2965 11.96 
MS1008 Stream 4  5/19/2017 0.0887 63.9375 bdl bdl 1.4704 bdl 25.9538 9.996 
MS1037 Stream 1  6/15/2017 0.0557 26.161 bdl bdl 0.5356 bdl 31.0863 12.28 
MS1038 Marsh  6/15/2017 0.0792 19.5938 bdl bdl 0.4618 bdl 30.514 12.26 
MS1039 Lake 1  6/15/2017 0.0814 11.529 bdl bdl 0.0162 bdl 21.127 10.72 
MS1040 Lake 2  6/15/2017 0.1271 40.776 bdl bdl 0.8281 bdl 21.4339 11.18 
MS1041 Lake 3  6/15/2017 0.0905 40.6744 bdl bdl 0.0477 bdl 20.1644 13.04 
MS1042 Stream 2  6/15/2017 0.2894 16.7878 bdl bdl 2.0497 0.2901 44.6508 5.634 
MS1043 Stream 3  6/15/2017 0.082 124.0019 bdl bdl 1.813 0.1274 30.3116 11.61 
MS1044 Stream 4  6/15/2017 0.0886 56.4401 bdl bdl 1.095 bdl 24.6458 9.756 
MS1063 Stream 1  7/18/2017 0.0552 27.0884 bdl bdl 0.5427 bdl 30.8037 13.07 
MS1064 Marsh  7/18/2017 0.0554 20.6432 bdl bdl 0.3977 bdl 26.5213 12.95 
MS1065 Lake 1  7/18/2017 0.0729 11.1048 bdl bdl 0.0539 bdl 18.0313 11.1 
MS1066 Lake 2  7/18/2017 0.0774 37.1883 bdl bdl 0.0302 0.0876 15.8298 13.06 
MS1067 Lake 3  7/18/2017 0.0913 35.4781 bdl bdl bdl bdl 11.7414 13.76 
MS1068 Stream 2  7/18/2017 0.2007 23.279 bdl bdl 1.9748 0.2931 39.9858 5.402 
MS1069 Stream 3  7/18/2017 0.0537 149.8744 bdl bdl 3.2343 0.2013 28.307 11.96 
MS1070 Stream 4  7/18/2017 0.0655 62.2952 bdl bdl 1.4337 bdl 23.7387 10.25 
MS1099 Stream 1  8/25/2017 0.0361 17.9248 bdl bdl 0.3666 bdl 20.4463 13.2 
MS1100 Marsh  8/25/2017 0.1199 10.5308 bdl bdl bdl bdl 5.8871 22.33 
MS1101 Lake 1  8/25/2017 0.0623 10.7857 bdl bdl 0.0966 bdl 18.8072 10.47 
MS1102 Lake 2  8/25/2017 0.1124 33.2794 bdl bdl 0.7164 bdl 16.3119 12.43 
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MS1103 Lake 3  8/25/2017 0.0988 29.7441 bdl bdl 0.0345 bdl 9.7759 13.53 
MS1104 Stream 2  8/25/2017 0.5262 29.5951 bdl 0.0141 2.3391 0.3378 70.1189 6.2 
MS1105 Stream 3  8/25/2017 0.0628 133.4881 bdl bdl 2.1913 0.1225 30.503 12.71 
MS1106 Stream 4  8/25/2017 0.0656 70.5087 bdl bdl 0.5865 bdl 25.2202 10.99 
MS1147 Stream 1  11/29/2017 bdl 18.01 bdl bdl 1.88 bdl 28.41 9.39 
MS1148 Lake 1  11/29/2017 0.02 8.84 bdl bdl 0.91 bdl 12.81 7.49 
MS1149 Lake 2  11/29/2017 0.01 23.47 bdl bdl 2.24 bdl 18.7 5.38 
MS1150 Lake 3  11/29/2017 0.04 27.74 bdl bdl 1.38 bdl 21.55 5.33 
MS1151 Stream 2  11/29/2017 0.06 10.07 bdl bdl 7.12 bdl 23.54 3.25 
MS1152 Stream 3  11/29/2017 bdl 74.43 bdl bdl 5.22 bdl 26.28 3.23 
MS1153 Stream 4  11/29/2017 bdl 36.28 bdl bdl 7.67 bdl 19.32 2.49 
MS1183 Stream 1  3/19/2018 0.03 26.12 bdl bdl 0.6 bdl 29.7 4.089 
MS1184 Marsh  3/19/2018 0.06 19.45 bdl bdl 0.15 bdl 24.6 4.396 
MS1185 Stream 2  3/19/2018 0.17 16.85 bdl bdl 3.65 bdl 39.47 2.077 
MS1186 Stream 4  3/19/2018 0.04 74.62 bdl bdl 1.91 bdl 23.63 2.915 
MS1195 Little Deer Creek S. 3/19/2018 0.06 102.56 bdl bdl 1.46 bdl 152.87 4.273 
MS1196 Little Deer Creek N. 3/19/2018 0.03 72.37 bdl 0.1 0.37 bdl 489.87 1.105 
MS1245 Lake 2  6/18/2018 0.05 46.07 bdl bdl 0.26 bdl 18.33 15.63 
MS1246 Lake 3  6/18/2018 0.09 48.85 bdl bdl 0.2 bdl 14.56 16.41 
MS1247 Stream 1  6/18/2018 0.06 27.58 bdl bdl 0.72 bdl 32.93 28.02 
MS1248 Marsh  6/18/2018 0.16 13.32 bdl bdl bdl bdl 6.35 25.39 
MS1249 Marsh  6/18/2018 0.04 12.46 bdl bdl bdl bdl 8.95 9.295 
MS1250 Lake 1  6/18/2018 0.03 15.65 bdl bdl bdl bdl 24.29 27.26 
MS1251 Stream 2  6/18/2018 0.07 24.06 bdl bdl 2.87 bdl 45.89 28.37 
MS1252 Stream 3  6/18/2018 0.02 136.45 bdl bdl 2.28 bdl 30.21 24.96 
MS1253 Local Spring 6/18/2018 0.19 1.43 bdl bdl 1.14 bdl 33.71 25.47 
MS1254 Stream 4  6/18/2018 0.07 66.78 bdl bdl 3.26 bdl 24.52 14.9 
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Appendix M: ICP-MS Data 
   
mg/L 
Sample Reference Name Analysis Date Li     B     Na Mg  Al    Si     P     K      Ca   Ti     V     
MS476 Stream 1  6/24/2015 0.0052 0.0250 24.4735 12.2418 0.0829 4.5861 0.0278 1.2312 45.2966 0.0019 0.0005 
MS477 Lake 1  6/24/2015 0.0024 0.0157 19.3835 8.6407 0.0250 2.2577 0.0219 0.9838 30.9549 0.0009 0.0003 
MS478 Lake 2 Outflow 6/24/2015 0.0023 0.0206 36.7459 10.2134 0.0035 0.7910 0.0250 0.7546 41.9333 0.0006 0.0005 
MS479 Stream 2  6/24/2015 0.0066 0.0203 24.9214 5.7510 0.0637 1.9305 0.1253 1.6547 23.2646 0.0012 0.0003 
MS480 Stream 3  6/24/2015 0.0036 0.0319 72.4739 18.9966 0.0206 5.0409 0.0645 2.6183 77.4098 0.0023 0.0012 
MS496 Stream 1  7/14/2015 0.0027 0.0282 16.6179 9.0601 0.0061 4.5876 <0.01 1.1540 35.9416 0.0024 0.0004 
MS497 Lake 1  7/14/2015 0.0011 0.0252 8.2069 4.6489 0.0599 2.9669 <0.01 1.2607 19.1524 0.0017 0.0005 
MS498 Lake 3  7/14/2015 0.0012 0.0287 18.8755 5.9865 0.0379 3.7176 0.0138 1.4527 25.8366 0.0024 0.0010 
MS499 Lake 2  7/14/2015 0.0012 0.0282 19.3273 6.3611 0.0580 4.0541 0.0221 1.4052 25.5512 0.0024 0.0009 
MS500 Stream 2  7/14/2015 0.0025 0.0270 9.4595 6.6944 0.0829 4.9755 0.0497 1.1775 25.1983 0.0029 0.0007 
MS501 Stream 3  7/14/2015 0.0019 0.0290 50.3706 11.8412 0.0158 5.1934 0.0250 1.5946 46.3361 0.0027 0.0011 
MS502 Stream 4  7/14/2015 0.0012 0.0232 28.5809 8.6468 0.0214 5.2622 0.0272 0.9512 32.5978 0.0027 0.0008 
MS526 Stream 1  8/11/2015 0.0021 0.0303 22.7767 11.4184 0.0324 4.9025 bdl 1.3917 44.8610 0.0009 0.0003 
MS527 Lake 1  8/11/2015 0.0005 0.0262 11.1995 6.3676 0.0306 2.9492 0.0068 1.7657 25.9506 0.0006 0.0003 
MS528 Lake 2  8/11/2015 0.0006 0.0295 21.2738 8.4238 0.0273 4.2245 bdl 2.3098 34.2738 0.0010 0.0002 
MS529 Lake 3  8/11/2015 0.0006 0.0308 21.8399 8.0626 0.0097 4.1308 0.0130 1.7739 35.1569 0.0009 0.0003 
MS530 Stream 2  8/11/2015 0.0042 0.0340 20.9096 7.3633 0.0465 2.4252 0.0661 1.7729 28.6031 0.0008 0.0003 
MS531 Stream 3  8/11/2015 0.0010 0.0346 S 14.2216 0.0300 5.0575 0.0108 2.0986 57.7911 0.0011 0.0011 
MS532 Stream 4  8/11/2015 0.0007 0.0352 44.2882 11.4010 0.0424 5.3399 bdl 1.4284 43.8261 0.0011 0.0008 
MS559 Stream 1  9/24/2015 0.0028 0.0288 26.1313 12.2864 0.0155 4.9005 0.0093 1.4901 43.6259 0.0012 0.0001 
MS560 Lake 1  9/24/2015 0.0010 0.0242 13.4296 7.0149 0.0108 2.8648 0.0209 1.7613 25.2322 0.0008 <0.0001 
MS561 Lake 2  9/24/2015 0.0010 0.0305 26.2610 9.3367 0.0089 3.6865 0.0263 2.9775 36.8343 0.0011 0.0001 
MS562 Lake 3  9/24/2015 0.0012 0.0307 26.3025 8.9174 0.0366 2.0331 0.0343 2.3827 37.5693 0.0006 <0.0001 
MS563 Stream 2  9/24/2015 0.0084 0.0484 31.4085 10.2944 0.1642 1.4204 0.1135 2.3407 33.4290 0.0011 0.0002 
MS564 Stream 4  9/24/2015 0.0011 0.0408 45.6150 12.0426 0.0490 5.2768 0.0068 1.6107 38.5323 0.0013 0.0006 
MS565 Stream 3  9/24/2015 0.0016 0.0365 46.9386 14.9903 0.0280 5.0843 0.0241 2.1116 52.5068 0.0013 0.0005 
MS611 Stream 1  10/27/2015 0.0029 0.0244 25.4626 12.6714 bdl 4.7757 bdl 1.4880 49.0765 0.0014 bdl 
MS612 Lake 1  10/27/2015 0.0008 0.0192 12.8776 6.5469 bdl 2.8387 0.0110 2.3824 25.8754 0.0010 bdl 
MS613 Lake 2  10/27/2015 0.0009 0.0211 22.7515 7.1571 bdl 1.2611 bdl 2.4445 31.0678 0.0007 bdl 
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mg/L 
Sample Reference Name Analysis Date Li     B     Na Mg  Al    Si     P     K      Ca   Ti     V     
MS614 Lake 3  10/27/2015 0.0010 0.0180 23.2721 7.2138 bdl 0.8034 bdl 2.6764 33.7678 0.0005 bdl 
MS615 Stream 2  10/27/2015 0.0051 0.0266 26.8710 8.5107 0.0227 2.2317 0.0751 2.4363 31.9162 0.0010 bdl 
MS616 Stream 3  10/27/2015 0.0015 0.0199 62.3479 17.8382 bdl 4.6789 bdl 2.2144 69.6284 0.0014 <0.001 
MS617 Stream 4  10/27/2015 0.0014 0.0249 45.2611 12.3385 bdl 5.1450 bdl 1.7846 43.6260 0.0014 <0.001 
MS683 Stream 1  2/25/2016 0.0027 0.0261 21.5084 8.1243 0.0720 4.1852 bdl 0.9410 29.1840 bdl <0.001 
MS684 Lake 1  2/25/2016 0.0017 0.0272 17.3584 7.0498 0.0604 3.0871 bdl 1.5410 24.9433 bdl <0.001 
MS685 Lake 2  2/25/2016 0.0019 0.0264 47.9104 8.4019 0.0919 3.5670 bdl 1.5385 30.1244 bdl 0.0007 
MS686 Lake 3  2/25/2016 0.0018 0.0266 39.7278 8.1547 0.0744 3.2385 bdl 1.5335 30.1165 bdl 0.0008 
MS687 Stream 2  2/25/2016 0.0027 0.0217 11.2379 6.2274 0.1208 4.3188 bdl 0.9489 20.9973 bdl <0.001 
MS688 Stream 3  2/25/2016 0.0022 0.0236 101.3098 11.0619 0.0639 4.3049 bdl 1.4130 41.9724 bdl 0.0014 
MS689 Stream 4  2/25/2016 0.0016 0.0217 59.2912 8.4763 0.1040 4.1942 bdl 0.8373 29.6323 bdl 0.0008 
MS690 Foam Area 1  2/25/2016 0.0035 0.0253 29.2360 9.4923 0.7200 4.6540 bdl 1.5290 34.0342 0.0011 0.0016 
MS709 Foam Area 2  2/25/2016 0.0028 0.0220 34.2846 7.6573 0.0489 4.3262 bdl 0.8995 26.9804 bdl <0.001 
MS710 Foam Area 1  2/25/2016 0.0026 0.0213 37.3235 7.7519 0.0575 4.1828 bdl 0.8378 27.0512 bdl <0.001 
MS711 Stream 1  2/25/2016 0.0028 0.0233 24.0242 8.4937 0.0285 4.1752 bdl 0.8853 29.9914 bdl <0.001 
MS712 Stream 1 Source 2/25/2016 0.0053 0.0201 9.3132 6.1918 0.0383 4.4827 bdl 0.6094 21.6387 bdl <0.001 
MS713 Lake 1  2/25/2016 0.0020 0.0215 27.4371 6.2646 0.1090 3.0999 bdl 1.2088 21.7864 bdl <0.001 
MS714 Lake 2  2/25/2016 0.0021 0.0225 96.7052 9.1954 0.0772 3.3033 bdl 1.5058 32.4174 bdl 0.0010 
MS715 Lake 3  2/25/2016 0.0021 0.0226 102.9198 9.6381 0.0572 2.7939 bdl 1.5760 36.8612 bdl 0.0012 
MS716 Stream 2  2/25/2016 0.0024 0.0212 12.8433 6.2879 0.0723 4.2973 bdl 0.8288 20.3426 bdl <0.001 
MS717 Stream 3  2/25/2016 0.0023 0.0233 82.2634 11.0504 0.0493 4.3215 bdl 1.3655 39.3685 bdl 0.0010 
MS718 Stream 4  2/25/2016 0.0016 0.0196 54.2830 8.1503 0.0460 4.2023 bdl 0.7449 27.6757 bdl 0.0007 
MS743 Foam Area 2  3/30/2016 0.0036 0.0262 20.8865 9.4857 0.0969 4.3771 0.0160 1.2416 36.3865 0.0010 <0.001 
MS744 Stream 1  3/30/2016 0.0037 0.0275 19.7982 9.7591 0.0206 4.3808 0.0069 1.5053 38.2363 0.0007 <0.001 
MS745 Lake 1  3/30/2016 0.0023 0.0228 19.8382 7.7652 0.0465 3.1634 0.0065 1.4353 29.3798 0.0006 <0.001 
MS746 Foam Area 3  3/30/2016 0.0023 0.0216 20.2097 7.7294 0.0463 3.1931 0.0154 1.4591 29.9873 0.0007 <0.001 
MS747 Lake 2  3/30/2016 0.0023 0.0252 42.5838 9.6359 0.0377 3.3271 <0.01 1.6949 36.8871 0.0006 0.0009 
MS748 Lake 3  3/30/2016 0.0022 0.0255 52.2811 9.6642 0.0224 2.2586 0.0068 1.8314 38.9978 <0.001 0.0009 
MS749 Stream 2  3/30/2016 0.0041 0.0184 13.3282 6.3465 0.0610 3.4238 0.0502 1.2925 24.4283 0.0009 <0.001 
MS750 Stream 3  3/30/2016 0.0031 0.0278 61.5904 13.2832 0.0297 4.2925 0.0188 1.8858 51.9998 0.0007 0.0014 
MS751 Stream 4  3/30/2016 0.0022 0.0253 36.0076 9.6642 0.0419 4.4979 bdl 1.1240 34.6770 0.0008 0.0008 
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MS783 Foam Area 2  6/2/2016 0.0029 0.0268 28.2528 11.7426 0.0813 4.1991 0.0111 1.2559 43.0092 bdl bdl 
MS784 Stream 1  6/2/2016 0.0039 0.0288 22.3209 11.6412 0.0526 4.3970 bdl 1.0700 45.0967 bdl bdl 
MS785 Lake 1  6/2/2016 0.0021 0.0256 19.5488 9.2002 0.0452 2.6608 0.0069 1.3012 34.7635 bdl bdl 
MS786 Lake 2  6/2/2016 0.0022 0.0280 40.3621 11.1189 0.0362 1.8399 0.1482 1.5966 43.5186 bdl bdl 
MS787 Lake 3  6/2/2016 0.0021 0.0277 43.6670 11.3910 0.0226 2.0936 <0.01 1.6678 46.7644 bdl bdl 
MS788 Stream 2  6/2/2016 0.0041 0.0213 17.1431 6.6912 0.1279 2.3794 0.0859 1.0792 24.9545 bdl bdl 
MS789 Stream 3  6/2/2016 0.0028 0.0286 101.4567 18.0156 0.0380 4.4984 0.0174 1.8016 68.9143 bdl <0.001 
MS790 Stream 4  6/2/2016 0.0022 0.0292 77.2824 14.4266 0.3314 5.1204 0.0123 1.1201 50.6934 bdl 0.0018 
MS804 Stream 1  6/29/2016 0.0029 0.0152 21.0645 10.7884 0.0466 4.6669 0.0165 1.2004 41.2250 0.0011 <0.001 
MS805 Lake 1  6/29/2016 0.0012 0.0106 15.0412 7.4490 0.0406 3.0325 <0.01 1.4325 28.5289 0.0006 <0.001 
MS806 Lake 2  6/29/2016 0.0013 0.0136 26.7558 8.4782 0.0431 2.1790 0.0138 1.4466 33.5375 0.0006 <0.001 
MS807 Lake 3  6/29/2016 0.0014 0.0132 28.4260 8.7499 0.0286 3.6845 0.0094 1.6807 35.9969 0.0009 <0.001 
MS808 Stream 2  6/29/2016 0.0046 0.0159 19.3162 7.0586 0.0839 2.5345 0.0901 1.5267 25.4050 0.0009 <0.001 
MS809 Stream 3  6/29/2016 0.0019 0.0162 61.0723 14.3533 0.0538 4.9158 0.0462 1.9978 55.2866 0.0012 0.0008 
MS810 Stream 4  6/29/2016 0.0015 0.0161 44.4175 10.9315 0.0608 4.9978 0.0171 1.1493 37.2133 0.0012 0.0007 
MS811 Stream 1  7/27/2016 0.0058 0.0470 25.4422 12.2439 0.0637 4.8914 0.0151 1.3681 46.7279 0.0023 bdl 
MS812 Lake 1  7/27/2016 0.0020 0.0313 16.9059 8.3231 0.0557 2.9528 0.0278 1.3041 31.4252 0.0017 <0.001 
MS813 Lake 2  7/27/2016 0.0022 0.0321 29.5746 9.9482 0.0420 0.5926 0.0306 1.3879 40.3125 <0.001 bdl 
MS814 Lake 3  7/27/2016 0.0024 0.0299 31.3604 9.7912 0.0576 4.2953 0.0513 1.1311 42.9836 0.0024 bdl 
MS815 Stream 2  7/27/2016 0.0107 0.0585 25.2983 7.9455 0.1705 1.5201 0.1551 1.6444 27.2135 0.0017 bdl 
MS816 Stream 3  7/27/2016 0.0031 0.0357 72.1255 16.9571 0.0598 5.2006 0.0922 2.5973 65.5294 0.0029 <0.001 
MS817 Stream 4  7/27/2016 0.0025 0.0380 51.2980 12.6517 0.3097 5.2550 bdl 1.3383 43.9854 0.0033 0.0011 
MS834 Stream 1  9/16/2016 0.0037 0.0366 26.2168 13.1797 0.1195 5.1231 0.0238 1.8929 52.3316 bdl bdl 
MS835 Lake 1  9/16/2016 0.0011 0.0329 17.8020 8.9686 0.1087 3.6149 0.0537 1.9224 34.4239 bdl bdl 
MS836 Lake 2  9/16/2016 0.0013 0.0361 30.3270 9.8049 0.0312 0.3582 0.0260 1.8722 43.3127 bdl bdl 
MS837 Lake 3  9/16/2016 0.0016 0.0358 31.5661 10.2623 0.0298 3.5412 0.0620 1.9067 49.5605 bdl bdl 
MS838 Stream 2  9/16/2016 0.0072 0.0564 27.9207 8.7522 0.0853 2.4443 0.1737 2.5098 34.1096 bdl bdl 
MS839 Stream 3  9/16/2016 0.0021 0.0482 90.4948 19.7989 0.0386 5.7456 0.0825 2.9764 80.7217 bdl bdl 
MS840 Stream 4  9/16/2016 0.0017 0.0461 87.8127 14.5497 0.1083 5.8754 0.0268 2.0341 53.8197 bdl bdl 
MS841 Stream 1  10/6/2016 0.0035 0.0361 25.4370 11.9252 0.0796 4.8570 0.0070 1.4896 47.8017 0.0021 0.0009 
MS842 Lake 1  10/6/2016 0.0010 0.0450 17.1100 7.5703 0.0859 2.4884 0.4360 8.2124 28.7303 0.0030 0.0014 
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MS843 Lake 2  10/6/2016 0.0012 0.0380 27.2694 8.2110 0.0237 1.0946 <0.01 2.1058 37.4112 0.0009 0.0007 
MS844 Lake 3  10/6/2016 0.0014 0.0357 29.0006 8.6860 0.0288 2.9841 0.0312 2.3563 42.7212 0.0016 0.0009 
MS845 Stream 2  10/6/2016 0.0061 0.0521 27.1302 7.5396 0.0494 1.6213 0.0928 2.2634 29.9455 0.0015 0.0009 
MS846 Stream 3  10/6/2016 0.0021 0.0489 62.5939 16.9804 0.0251 4.9491 0.1959 3.0607 69.5835 0.0026 0.0022 
MS847 Stream 4  10/6/2016 0.0018 0.0425 45.5706 12.4053 0.4086 5.3348 0.0125 1.5150 44.4870 0.0036 0.0032 
MS848 Marsh  10/6/2016 0.0016 0.0532 18.8411 14.9863 0.8493 13.7283 0.3435 2.2485 74.6902 0.0123 0.0046 
MS861 Stream 1  11/15/2016 0.0031 0.0351 25.2291 12.0904 0.0794 4.8606 <0.01 1.4024 52.6565 0.0018 0.0012 
MS862 Marsh  11/15/2016 0.0018 0.0313 22.8089 12.0391 0.4507 5.0947 0.1175 1.5827 51.4811 0.0048 0.0023 
MS863 Marsh  11/15/2016 0.0015 0.0386 17.5802 15.1323 2.2850 20.3619 0.1900 2.4256 98.2791 0.0177 0.0061 
MS864 Lake 1  11/15/2016 0.0008 0.0364 16.2476 8.0795 0.3299 3.0510 0.2138 3.3967 35.5794 0.0046 0.0005 
MS865 Lake 2  11/15/2016 0.0010 0.0363 27.4763 8.3705 0.0330 0.9078 0.0401 2.4342 40.5967 0.0004 bdl 
MS866 Lake 3  11/15/2016 0.0012 0.0355 28.6122 8.4449 0.0278 2.1970 0.0290 2.5200 43.8801 0.0008 bdl 
MS867 Stream 2  11/15/2016 0.0058 0.0497 27.3405 8.1245 0.0496 1.5662 0.1074 2.3881 34.7025 0.0012 <0.001 
MS868 Stream 3  11/15/2016 0.0017 0.0391 72.5001 18.2720 0.0209 4.6445 0.0725 2.6126 76.8578 0.0018 0.0015 
MS869 Stream 4  11/15/2016 0.0015 0.0370 42.1701 12.3496 0.0515 5.0951 0.0100 1.6029 47.1301 0.0017 0.0013 
MS906 Stream 1  11/17/2016 0.0026 0.0304 23.7291 13.0657 0.0344 5.5243 bdl 1.5225 64.3048 0.0021 0.0016 
MS907 Marsh  11/17/2016 0.0010 0.0235 15.8333 12.7012 0.1600 15.6503 0.3032 1.9311 79.5225 0.0089 0.0015 
MS908 Marsh  11/17/2016 0.0020 0.0347 22.3265 14.8708 0.8603 15.1251 1.3996 3.2661 87.9736 0.0172 0.0075 
MS909 Lake 1  11/17/2016 0.0009 0.0609 15.0927 9.3537 1.0258 4.6231 1.5093 10.5619 49.5456 0.0143 0.0040 
MS910 Lake 2  11/17/2016 0.0009 0.0261 24.3266 8.3997 0.0425 1.7733 0.0276 2.6344 45.3206 0.0011 0.0006 
MS911 Lake 3  11/17/2016 0.0009 0.0255 23.7134 7.8882 0.0250 1.8610 0.0249 2.6778 48.5938 0.0010 0.0008 
MS912 Stream 2  11/17/2016 0.0026 0.0194 19.8841 5.2301 0.1184 2.9933 0.1983 2.0949 28.9490 0.0023 0.0011 
MS913 Stream 3  11/17/2016 0.0016 0.0290 60.2294 18.8997 0.0330 5.8008 0.0734 2.8669 91.5970 0.0024 0.0026 
MS914 Stream 4  11/17/2016 0.0012 0.0254 35.4416 12.3581 0.0362 5.5596 0.0084 1.3889 54.9227 0.0022 0.0020 
MS928 Stream 1  12/16/2016 0.0021 0.0191 21.4530 10.6400 0.0259 4.6466 bdl 1.3427 48.5922 0.0009 bdl 
MS929 Marsh  12/16/2016 0.0010 0.0112 12.9948 9.4627 0.1339 10.1648 0.1020 1.6760 59.3363 0.0050 bdl 
MS930 Lake 1  12/16/2016 0.0007 0.0214 21.1069 8.0151 0.0957 3.4189 0.0078 2.2981 35.6173 0.0015 bdl 
MS931 Lake 2  12/16/2016 0.0010 0.0196 49.6488 9.6417 0.0215 2.1588 bdl 2.5707 46.6460 <0.001 bdl 
MS932 Stream 2  12/16/2016 0.0025 0.0109 17.1097 5.9087 0.1872 3.1193 0.0900 1.8502 28.6203 0.0020 bdl 
MS933 Stream 3  12/16/2016 0.0017 0.0148 65.1496 15.0456 0.0171 4.8496 bdl 1.9425 67.2106 0.0010 bdl 
MS934 Stream 4  12/16/2016 0.0011 0.0112 42.5886 10.0277 0.0210 4.6864 bdl 1.2175 43.8681 0.0006 bdl 
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MS935 Stream 1  1/20/2017 0.0019 0.0229 18.7520 8.6131 0.0400 4.2159 bdl 1.2478 33.6437 0.0008 bdl 
MS936 Foam Area 1  1/20/2017 0.0019 0.0224 39.4581 8.6448 0.1433 4.3388 0.0101 1.4510 33.7584 0.0016 bdl 
MS937 Lake 1 Storm Runoff 1/20/2017 <0.001 0.0089 3.2859 1.6754 0.3089 1.3546 bdl 2.2055 4.9004 0.0006 bdl 
MS938 Lake 1  1/20/2017 0.0012 0.0203 19.4674 7.3151 0.0424 3.4442 bdl 1.6760 27.9498 0.0009 bdl 
MS939 Lake 2  1/20/2017 0.0012 0.0181 45.8289 7.8724 0.0658 3.5501 bdl 1.8001 30.9646 0.0013 bdl 
MS940 Lake 3  1/20/2017 0.0012 0.0174 53.1964 7.9376 0.0677 3.2054 <0.01 1.9235 33.0437 0.0013 bdl 
MS941 Stream 2  1/20/2017 0.0016 0.0670 13.5135 5.1226 0.0543 3.7713 0.0297 1.3342 19.4521 0.0012 bdl 
MS942 Stream 3  1/20/2017 0.0018 0.0207 65.7408 12.2750 0.0814 4.4206 0.4072 1.7189 49.1711 0.0029 bdl 
MS943 Stream 4  1/20/2017 0.0011 0.0123 46.3934 8.9482 0.1178 4.3201 <0.01 1.1317 34.0123 0.0016 bdl 
MS949 Stream 1  2/17/2017 0.0017 bdl 17.3096 8.6212 0.0276 4.9838 0.0278 1.3536 39.5969 bdl bdl 
MS950 Marsh  2/17/2017 0.0018 bdl 22.2390 8.4299 0.2051 5.1688 0.0953 1.5619 37.6548 bdl bdl 
MS951 Marsh  2/17/2017 0.0016 bdl 22.8299 11.1663 3.3590 21.6524 0.1656 2.6363 89.7970 bdl bdl 
MS952 Lake 1  2/17/2017 0.0012 bdl 20.2155 7.6784 0.0423 4.3461 0.0805 1.7633 35.1941 bdl bdl 
MS953 Lake 2  2/17/2017 0.0012 bdl 45.3816 8.9674 0.0507 4.3082 0.0765 1.8865 40.0192 bdl bdl 
MS954 Lake 3  2/17/2017 0.0011 bdl 49.4279 9.0891 0.0510 3.8916 0.0645 1.9256 42.4534 bdl bdl 
MS955 Stream 2  2/17/2017 0.0016 bdl 10.9811 5.6817 0.0485 4.5155 0.1002 1.3920 24.9718 bdl bdl 
MS956 Stream 3  2/17/2017 0.0015 bdl 56.3580 11.0853 0.0472 5.0284 0.0808 1.8708 51.2456 bdl bdl 
MS957 Stream 4  2/17/2017 0.0021 bdl 34.7599 11.3177 3.8192 6.9510 0.3930 3.6915 54.9539 bdl 0.0064 
MS966 Stream 1  3/24/2017 0.0019 bdl 17.3160 8.8355 0.0597 5.1968 0.0717 1.4405 44.9587 bdl bdl 
MS967 Marsh  3/24/2017 0.0022 bdl 36.9977 10.3334 0.3863 5.2589 0.1648 1.7962 52.7814 bdl bdl 
MS968 Lake 1  3/24/2017 0.0013 bdl 17.5759 8.0024 0.4087 4.1902 0.7594 4.6960 45.5210 bdl bdl 
MS969 Lake 2  3/24/2017 0.0012 bdl 41.0607 8.9458 0.0433 3.8703 0.0990 1.8097 42.9608 bdl bdl 
MS970 Lake 3  3/24/2017 0.0011 bdl 39.7782 8.6488 0.0321 3.4861 0.0955 1.8361 43.0190 bdl bdl 
MS971 Stream 2  3/24/2017 0.0022 bdl 14.2325 6.5729 0.0553 3.7791 0.1537 1.6067 31.8609 bdl bdl 
MS972 Stream 3  3/24/2017 0.0017 bdl 61.0803 12.1917 0.0310 4.7893 0.1055 2.0492 61.9642 bdl bdl 
MS973 Stream 4  3/24/2017 0.0014 bdl 35.2170 9.8403 1.4517 5.6738 0.2885 2.1116 49.7032 bdl 0.0006 
MS983 Stream 1  5/2/2017 0.0018 bdl 14.8552 8.3470 0.0224 4.9718 bdl 1.2513 37.9067 0.0006 bdl 
MS984 Marsh  5/2/2017 0.0020 bdl 17.0891 8.6841 0.8577 5.5483 0.1176 1.6101 40.8080 0.0045 0.0030 
MS985 Lake 1  5/2/2017 0.0013 bdl 13.5733 7.2614 0.0274 3.5138 0.0122 1.3563 32.5047 <0.001 bdl 
MS986 Lake 2  5/2/2017 0.0013 bdl 27.6491 8.5570 0.0504 2.8584 0.0089 1.6691 38.3631 <0.001 <0.001 
MS987 Lake 3  5/2/2017 0.0012 bdl 28.2229 8.4962 0.0183 2.3448 0.0059 1.6276 39.4110 bdl <0.001 
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MS988 Stream 2  5/2/2017 0.0016 bdl 7.8542 6.1215 0.0483 4.6339 0.0387 1.2243 27.3925 0.0008 bdl 
MS989 Stream 3  5/2/2017 0.0013 bdl 56.8273 9.2212 0.0463 5.4666 0.0194 1.6236 44.5079 0.0011 0.0016 
MS990 Stream 4  5/2/2017 0.0010 bdl 51.2447 8.2914 0.0511 5.3613 <0.01 1.1404 35.6335 0.0007 0.0013 
MS991 Local Spring 5/2/2017 0.0028 bdl 51.1682 7.5794 0.0154 4.7801 0.0224 1.3530 30.2824 0.0006 bdl 
MS1002 Stream 1  5/31/2017 0.0025 0.0098 18.9385 10.2499 0.0247 5.9938 0.0660 1.1223 40.9693 0.0011 bdl 
MS1003 Lake 1  5/31/2017 0.0014 0.0154 13.4697 8.7467 0.2018 3.3173 0.7958 12.1217 34.0847 0.0056 bdl 
MS1004 Lake 2  5/31/2017 0.0014 0.0092 24.7019 9.0554 0.0322 1.6164 0.0929 2.0423 33.9702 <0.001 bdl 
MS1005 Lake 3  5/31/2017 0.0013 0.0102 26.5337 8.9472 0.0217 1.9265 0.1003 1.2826 36.0903 <0.001 bdl 
MS1006 Stream 2  5/31/2017 0.0025 0.0012 13.5945 6.3545 0.0363 3.1040 0.1606 1.1229 23.4594 0.0013 bdl 
MS1007 Stream 3  5/31/2017 0.0018 0.0107 51.0803 13.1614 0.0415 6.4851 0.1094 2.3640 49.8505 0.0021 bdl 
MS1008 Stream 4  5/31/2017 0.0014 0.0092 32.7325 9.8885 0.0203 6.4515 0.0835 0.8976 34.3696 0.0016 bdl 
MS1037 Stream 1  6/20/2017 bdl bdl 20.2026 10.4471 0.0271 3.8828 bdl 1.1709 39.2149 bdl <0.001 
MS1038 Marsh  6/20/2017 bdl bdl 17.1802 9.9264 0.0405 4.0625 bdl 1.2814 37.1832 bdl <0.001 
MS1039 Lake 1  6/20/2017 bdl bdl 12.9438 7.9081 0.0829 1.8331 bdl 1.2234 29.6093 bdl <0.001 
MS1040 Lake 2  6/20/2017 bdl bdl 24.2866 8.7781 0.0647 1.6492 bdl 1.4223 33.8780 bdl <0.001 
MS1041 Lake 3  6/20/2017 bdl bdl 25.7410 8.8592 0.0554 2.5842 bdl 1.7759 37.0699 bdl <0.001 
MS1042 Stream 2  6/20/2017 bdl bdl 17.3573 7.3029 0.0569 1.5598 bdl 1.3707 24.5158 bdl bdl 
MS1043 Stream 3  6/20/2017 bdl bdl 50.8337 13.1757 0.1248 4.0208 bdl 1.9352 52.1441 bdl 0.0021 
MS1044 Stream 4  6/20/2017 bdl bdl 30.3191 9.8095 0.0496 4.0324 bdl 0.9897 34.6708 bdl 0.0007 
MS1063 Stream 1  7/19/2017 bdl bdl 22.7699 10.4852 0.0566 3.2280 bdl 0.7911 46.4244 0.0104 bdl 
MS1064 Marsh  7/19/2017 bdl bdl 19.8692 10.3622 0.0890 3.6207 bdl 0.9907 44.5775 0.0006 bdl 
MS1065 Lake 1  7/19/2017 bdl bdl 13.5482 7.2445 0.0226 1.2893 bdl 0.4837 30.1082 0.0625 bdl 
MS1066 Lake 2  7/19/2017 bdl bdl 24.1132 8.4818 0.1051 2.6948 bdl 0.8381 36.5509 0.0303 bdl 
MS1067 Lake 3  7/19/2017 bdl bdl 24.3679 8.3229 0.0124 4.6958 bdl 1.0296 38.9826 0.0125 bdl 
MS1068 Stream 2  7/19/2017 bdl bdl 19.5505 5.9859 0.0321 0.6318 0.0415 0.9320 22.5892 bdl bdl 
MS1069 Stream 3  7/19/2017 bdl bdl 59.6501 14.4866 0.0677 3.5637 0.0228 1.6795 63.9346 bdl bdl 
MS1070 Stream 4  7/19/2017 bdl bdl 35.1650 10.2183 0.0576 3.4037 bdl 0.5728 54.4640 bdl bdl 
MS1099 Stream 1  9/14/2017 0.0033 0.0330 25.0740 12.4609 0.0487 4.6180 bdl 1.2207 42.8317 0.0023 <0.001 
MS1100 Marsh  9/14/2017 0.0015 0.0324 19.2908 14.5825 0.8012 12.8436 0.5478 1.8731 60.1095 0.0121 0.0067 
MS1101 Lake 1  9/14/2017 0.0013 0.0231 14.3212 8.4575 0.8079 2.8388 0.0701 1.1311 26.6082 0.0079 0.0035 
MS1102 Lake 2  9/14/2017 0.0011 0.0278 25.4885 9.4462 0.0663 0.5113 0.0128 1.9796 36.1551 0.0009 bdl 
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MS1103 Lake 3  9/14/2017 0.0011 0.0306 23.9020 9.1444 0.2083 2.5138 0.1116 1.8329 38.7154 0.0034 0.0024 
MS1104 Stream 2  9/14/2017 0.0053 0.0445 26.9289 9.7340 0.2569 1.8319 0.1224 1.8955 27.6658 0.0029 <0.001 
MS1105 Stream 3  9/14/2017 0.0016 0.0300 58.6154 17.3690 0.0382 4.5943 0.0438 1.9798 59.4150 0.0019 0.0015 
MS1106 Stream 4  9/14/2017 0.0015 0.0322 41.2818 13.0315 0.0935 4.5483 bdl 1.0417 37.3449 0.0022 0.0011 
MS1147 Stream 1  11/28/2017 0.0020 0.0310 17.7700 8.9800 0.0300 6.8600 0.0300 1.9200 34.8000 0.0010 0.0010 
MS1148 Lake 1  11/28/2017 0.0010 0.0350 12.7700 7.6600 0.4800 5.2200 0.3740 2.9400 32.8700 0.0080 0.0070 
MS1149 Lake 2  11/28/2017 0.0010 0.0280 19.6100 6.5700 0.1800 5.3000 0.0410 2.6100 26.9000 0.0010 0.0010 
MS1150 Lake 3  11/28/2017 0.0010 0.0270 21.7600 7.1900 0.0650 4.6000 0.0300 2.6300 31.6000 0.0010 0.0010 
MS1151 Stream 2  11/28/2017 0.0020 0.0220 11.5400 5.8800 0.0950 6.1400 0.0570 2.1100 20.4900 0.0010 <0.001 
MS1152 Stream 3  11/28/2017 0.0020 0.0280 38.5200 10.0000 0.0390 6.7000 0.0380 2.1300 38.0000 0.0010 0.0020 
MS1153 Stream 4  11/28/2017 0.0015 0.0187 21.3434 6.4748 0.0627 2.4814 bdl 1.0249 25.0668 0.0033 0.0011 
MS1183 Stream 1  3/20/2018 0.0020 0.0190 18.3700 8.9000 0.0280 2.7200 bdl 0.9700 36.6800 0.0020 0.0010 
MS1184 Marsh  3/20/2018 0.0010 0.0150 18.4900 7.6400 0.0460 2.8900 0.0050 1.0000 31.9100 0.0020 0.0010 
MS1185 Stream 2  3/20/2018 0.0030 0.0190 14.9400 6.5800 0.0370 0.4700 0.0210 1.2500 23.7900 0.0020 <0.001 
MS1186 Stream 4  3/20/2018 0.0010 0.0190 35.0800 9.1800 0.0220 0.9900 bdl 0.8400 32.3600 0.0020 0.0010 
MS1195 Little Deer Creek S. 3/20/2018 0.0960 0.0290 50.3100 11.4500 6.5900 1.6400 0.0080 12.1300 64.0700 0.0020 0.0020 
MS1196 Little Deer Creek N. 3/20/2018 0.9210 0.0250 60.6000 12.1200 14.5640 5.0400 0.0050 71.9300 126.7500 0.0040 0.0030 
MS1245 Lake 2  7/31/2018 0.0012 0.0027 27.9813 8.0583 0.0329 3.3784 0.0778 1.9073 36.6137 0.0011 bdl 
MS1246 Lake 3  7/31/2018 0.0011 0.0015 29.0708 8.1317 0.0335 4.9095 0.0648 1.9353 36.9687 0.0014 bdl 
MS1247 Stream 1  7/31/2018 0.0026 0.0069 20.4627 9.9486 0.3430 5.2064 0.0967 1.8051 42.8409 0.0032 bdl 
MS1248 Marsh  7/31/2018 0.0029 0.0605 15.6100 24.3728 10.6580 16.0787 0.3145 5.1405 240.0597 0.0207 0.0556 
MS1249 Marsh  7/31/2018 0.0012 0.0107 16.0722 10.6469 0.7331 12.3366 0.7495 3.0638 58.9959 0.0111 bdl 
MS1250 Lake 1  7/31/2018 0.0009 bdl 14.3426 6.7667 0.1035 2.8551 0.0976 1.6155 28.4999 0.0013 bdl 
MS1251 Stream 2  7/31/2018 0.0040 0.0055 17.4169 6.2051 0.0678 2.6953 0.1545 2.1428 25.3586 0.0012 bdl 
MS1252 Stream 3  7/31/2018 0.0014 0.0048 51.9857 12.0460 0.1641 4.9394 0.1452 2.2526 52.5753 0.0019 bdl 
MS1253 Local Spring 7/31/2018 0.0031 0.0401 64.1956 7.5808 0.0295 3.9180 0.0835 1.4338 27.0897 0.0013 bdl 
MS1254 Stream 4  7/31/2018 0.0011 0.0064 32.7116 8.8559 0.0451 4.5622 0.0648 1.2941 34.0999 0.0015 bdl 
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MS476 Stream 1  6/24/2015 0.0022 0.0615 0.4130 0.0004 0.0018 0.0021 bdl 0.0005 0.0018 0.0006 0.4875 
MS477 Lake 1  6/24/2015 0.0024 0.1750 0.3117 0.0002 0.0016 0.0014 bdl 0.0010 0.0016 0.0009 0.3575 
MS478 Lake 2 Outflow 6/24/2015 0.0034 0.1542 0.3644 0.0002 0.0020 0.0021 bdl 0.0011 0.0016 0.0009 0.4018 
MS479 Stream 2  6/24/2015 0.0029 0.0200 0.2218 0.0002 0.0027 0.0040 <0.01 <0.001 0.0018 0.0028 0.1328 
MS480 Stream 3  6/24/2015 0.0034 0.1350 0.6275 0.0004 0.0301 0.0032 bdl 0.0018 0.0018 0.0027 0.7039 
MS496 Stream 1  7/14/2015 0.0023 <0.01 0.2851 0.0001 0.0044 0.0006 bdl <0.001 0.0017 <0.001 0.3027 
MS497 Lake 1  7/14/2015 0.0021 0.1854 0.3076 0.0001 0.0013 0.0013 bdl 0.0010 0.0022 0.0008 0.1486 
MS498 Lake 3  7/14/2015 0.0022 0.1536 0.3027 0.0002 0.0022 0.0075 bdl 0.0008 0.0025 0.0009 0.1707 
MS499 Lake 2  7/14/2015 0.0023 0.2019 0.3362 0.0002 0.0013 0.0017 bdl 0.0006 0.0011 0.0008 0.1647 
MS500 Stream 2  7/14/2015 0.0028 0.0317 0.2461 0.0002 0.0016 0.0010 bdl <0.001 0.0022 0.0008 0.1421 
MS501 Stream 3  7/14/2015 0.0028 0.0233 0.3780 0.0002 0.0013 0.0020 bdl 0.0011 0.0014 0.0006 0.3330 
MS502 Stream 4  7/14/2015 0.0035 0.0774 0.3075 0.0002 0.0023 0.0011 bdl 0.0006 0.0014 <0.001 0.1688 
MS526 Stream 1  8/11/2015 0.0012 0.0134 0.1780 bdl <0.001 0.0021 <0.01 <0.001 0.0005 <0.001 0.3458 
MS527 Lake 1  8/11/2015 0.0010 0.2073 0.2414 bdl <0.001 0.0019 0.0113 0.0014 0.0008 0.0010 0.1987 
MS528 Lake 2  8/11/2015 0.0008 1.3181 0.2141 bdl <0.001 0.0017 0.0202 0.0018 0.0007 0.0011 0.2325 
MS529 Lake 3  8/11/2015 0.0009 0.6722 0.2294 bdl <0.001 0.0020 <0.01 0.0014 <0.001 0.0009 0.2371 
MS530 Stream 2  8/11/2015 0.0013 0.0088 0.0929 bdl 0.0007 0.0021 <0.01 <0.001 0.0007 0.0018 0.1321 
MS531 Stream 3  8/11/2015 0.0009 0.0240 0.2096 bdl 0.0009 0.0032 <0.01 0.0012 0.0008 0.0008 0.5326 
MS532 Stream 4  8/11/2015 0.0010 0.1697 0.2488 bdl <0.001 0.0033 0.0180 0.0008 <0.001 0.0006 0.2600 
MS559 Stream 1  9/24/2015 <0.001 <0.01 0.1999 0.0001 0.0012 0.0015 <0.01 <0.001 0.0010 <0.001 0.3058 
MS560 Lake 1  9/24/2015 bdl 0.1407 0.1676 0.0001 0.0006 0.0036 0.0100 0.0016 0.0010 0.0009 0.1871 
MS561 Lake 2  9/24/2015 <0.001 0.7846 0.2281 0.0001 0.0010 0.0010 <0.01 0.0016 0.0007 0.0014 0.2295 
MS562 Lake 3  9/24/2015 0.0006 0.8224 0.3213 0.0001 0.0016 0.0005 <0.01 0.0015 0.0008 0.0011 0.2349 
MS563 Stream 2  9/24/2015 <0.001 0.0389 0.2375 0.0003 0.0022 0.0056 <0.01 0.0005 0.0011 0.0024 0.1499 
MS564 Stream 4  9/24/2015 0.0005 0.0927 0.2707 0.0002 0.0016 0.0025 0.0054 0.0011 0.0008 0.0007 0.2359 
MS565 Stream 3  9/24/2015 <0.001 0.0137 0.2361 0.0001 0.0011 0.0019 bdl 0.0010 0.0014 0.0007 0.4146 
MS611 Stream 1  10/27/2015 0.0009 0.0053 0.1967 0.0001 0.0019 0.0026 bdl <0.001 0.0009 <0.001 0.3276 
MS612 Lake 1  10/27/2015 0.0010 0.7420 0.3419 0.0002 0.0014 0.0016 bdl 0.0011 0.0009 0.0012 0.1834 
MS613 Lake 2  10/27/2015 0.0012 0.2081 0.2136 0.0001 0.0014 0.0020 bdl 0.0006 0.0007 0.0010 0.1790 
MS614 Lake 3  10/27/2015 0.0013 0.1540 0.2032 0.0001 0.0014 0.0014 bdl 0.0006 0.0013 0.0010 0.1881 
MS615 Stream 2  10/27/2015 0.0009 0.0094 0.1432 0.0001 0.0024 0.0032 bdl <0.001 0.0014 0.0019 0.1390 
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MS616 Stream 3  10/27/2015 0.0018 0.0083 0.2706 0.0001 0.0019 0.0029 bdl 0.0008 0.0019 0.0006 0.4997 
MS617 Stream 4  10/27/2015 0.0013 0.1193 0.2445 0.0002 0.0031 0.0043 bdl 0.0011 0.0017 0.0007 0.2468 
MS683 Stream 1  2/25/2016 bdl 0.0052 0.0542 0.0001 0.0015 0.0035 <0.01 <0.001 bdl <0.001 0.3874 
MS684 Lake 1  2/25/2016 bdl 0.5334 0.2160 0.0002 0.0019 0.0084 <0.01 0.0015 bdl 0.0011 0.3047 
MS685 Lake 2  2/25/2016 bdl 0.1565 0.1548 0.0002 0.0024 0.0034 0.0099 0.0010 <0.001 0.0009 0.3238 
MS686 Lake 3  2/25/2016 bdl 0.1479 0.1706 0.0001 0.0014 0.0369 0.0181 0.0014 bdl 0.0009 0.3284 
MS687 Stream 2  2/25/2016 bdl 0.0291 0.0765 0.0002 0.0020 0.0025 <0.01 <0.001 <0.001 0.0008 0.1950 
MS688 Stream 3  2/25/2016 bdl 0.0112 0.0979 0.0001 0.0015 0.0037 <0.01 0.0009 <0.001 0.0008 0.4532 
MS689 Stream 4  2/25/2016 bdl 0.1005 0.1288 0.0002 0.0015 0.0038 0.0065 0.0006 bdl <0.001 0.2523 
MS690 Foam Area 1  2/25/2016 bdl 0.1547 0.7824 0.0008 0.0025 0.0195 0.0147 0.0007 0.0005 0.0010 0.3936 
MS709 Foam Area 2  2/25/2016 bdl 0.0322 0.0578 0.0002 0.0010 0.0017 <0.01 <0.001 0.0006 0.0005 0.3288 
MS710 Foam Area 1  2/25/2016 bdl 0.0162 0.0097 0.0001 0.0009 0.0012 <0.01 <0.001 bdl <0.001 0.3274 
MS711 Stream 1  2/25/2016 bdl 0.0053 0.0295 0.0001 0.0013 0.0259 0.0142 <0.001 -0.0003 <0.001 0.4106 
MS712 Stream 1 Source 2/25/2016 bdl <0.01 bdl 0.0001 0.0015 0.0010 <0.01 <0.001 <0.001 0.0007 0.4586 
MS713 Lake 1  2/25/2016 bdl 0.4928 0.1227 0.0002 0.0011 0.0022 <0.01 <0.001 bdl 0.0008 0.2645 
MS714 Lake 2  2/25/2016 bdl 0.1829 0.1249 0.0002 0.0015 0.0042 0.0065 0.0009 <0.001 0.0010 0.3432 
MS715 Lake 3  2/25/2016 bdl 0.1615 0.1672 0.0002 0.0015 0.0039 0.0182 0.0010 <0.001 0.0010 0.3839 
MS716 Stream 2  2/25/2016 bdl 0.0237 0.0212 0.0002 0.0087 0.0019 0.5052 0.0112 <0.001 0.0006 0.1863 
MS717 Stream 3  2/25/2016 bdl 0.0171 0.0753 0.0001 0.0018 0.0052 0.0277 0.0009 0.0007 0.0006 0.4302 
MS718 Stream 4  2/25/2016 bdl 0.0652 0.0710 0.0002 0.0013 0.0060 0.0068 <0.001 <0.001 <0.001 0.2231 
MS743 Foam Area 2  3/30/2016 bdl 0.0386 0.2681 0.0002 0.0026 0.0026 <0.01 <0.001 <0.001 0.0006 0.3134 
MS744 Stream 1  3/30/2016 bdl <0.01 0.1088 0.0001 0.0029 0.0041 <0.01 <0.001 <0.001 0.0007 0.3661 
MS745 Lake 1  3/30/2016 <0.001 0.2919 0.2205 0.0002 0.0025 0.0031 0.0057 0.0005 <0.001 0.0007 0.3598 
MS746 Foam Area 3  3/30/2016 <0.001 0.3277 0.3068 0.0002 0.0025 0.0033 <0.01 0.0005 <0.001 0.0008 0.3655 
MS747 Lake 2  3/30/2016 <0.001 0.3132 0.2552 0.0002 0.0022 0.0030 0.0093 0.0010 <0.001 0.0008 0.3042 
MS748 Lake 3  3/30/2016 0.0008 0.2958 0.2765 0.0002 0.0025 0.0048 <0.01 0.0009 <0.001 0.0010 0.3342 
MS749 Stream 2  3/30/2016 0.0006 0.0173 0.0875 0.0001 0.0021 0.0036 0.0062 <0.001 <0.001 0.0011 0.2096 
MS750 Stream 3  3/30/2016 <0.001 0.0157 0.1794 0.0002 0.0025 0.0046 <0.01 0.0013 <0.001 0.0008 0.4790 
MS751 Stream 4  3/30/2016 <0.001 0.1518 0.1785 0.0002 0.0020 0.0054 0.0067 0.0008 0.0005 0.0006 0.3208 
MS783 Foam Area 2  6/2/2016 <0.001 0.0576 0.4353 0.0002 0.0009 <0.001 <0.01 bdl 0.0006 0.0006 0.3862 
MS784 Stream 1  6/2/2016 <0.001 0.0169 0.2509 0.0002 0.0008 0.0030 <0.01 bdl 0.0008 <0.001 0.4488 
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MS785 Lake 1  6/2/2016 0.0011 0.2902 0.2990 0.0002 0.0009 0.0218 <0.01 bdl <0.001 0.0008 0.3435 
MS786 Lake 2  6/2/2016 0.0005 0.9680 0.4499 0.0002 0.0009 <0.001 <0.01 <0.001 <0.001 0.0011 0.3835 
MS787 Lake 3  6/2/2016 0.0011 0.4479 0.3365 0.0002 0.0011 0.0021 <0.01 <0.001 0.0018 0.0012 0.4043 
MS788 Stream 2  6/2/2016 <0.001 0.0270 0.1914 0.0002 0.0016 0.0020 0.0071 bdl <0.001 0.0014 0.1578 
MS789 Stream 3  6/2/2016 0.0011 0.0233 0.3652 0.0002 0.0013 0.0020 <0.01 0.0006 0.0007 0.0008 0.6767 
MS790 Stream 4  6/2/2016 <0.001 0.9557 0.9095 0.0018 0.0032 0.0077 0.0148 0.0006 0.0005 0.0009 0.3922 
MS804 Stream 1  6/29/2016 bdl 0.0161 0.1813 0.0001 0.0006 0.0008 0.0027 <0.001 0.0006 <0.001 0.3605 
MS805 Lake 1  6/29/2016 bdl 0.3813 0.2313 0.0001 0.0008 0.0006 bdl 0.0017 0.0010 0.0009 0.2538 
MS806 Lake 2  6/29/2016 bdl 0.6247 0.2187 0.0001 0.0007 0.0025 0.0002 0.0019 <0.001 0.0009 0.2666 
MS807 Lake 3  6/29/2016 bdl 0.4666 0.1903 0.0001 0.0006 0.0012 bdl 0.0021 0.0007 0.0011 0.2907 
MS808 Stream 2  6/29/2016 <0.001 0.0123 0.1671 0.0001 0.0016 0.0022 0.0012 0.0005 bdl 0.0018 0.1533 
MS809 Stream 3  6/29/2016 bdl 0.0278 0.1965 0.0001 0.0012 0.0017 bdl 0.0015 0.0005 0.0008 0.5001 
MS810 Stream 4  6/29/2016 <0.001 0.2461 0.2243 0.0002 0.0009 0.0013 0.0010 0.0009 bdl 0.0006 0.2725 
MS811 Stream 1  7/27/2016 0.0006 0.0115 0.3560 0.0003 0.0024 0.0011 0.0069 <0.001 0.0012 <0.001 0.3314 
MS812 Lake 1  7/27/2016 bdl 0.3586 0.3744 0.0002 0.0007 0.0028 0.0148 0.0020 <0.001 0.0007 0.2413 
MS813 Lake 2  7/27/2016 0.0006 0.4765 0.3497 0.0003 0.0015 0.0015 0.0092 0.0017 <0.001 0.0007 0.2729 
MS814 Lake 3  7/27/2016 0.0007 0.8991 0.5131 0.0002 0.0015 0.0008 0.0142 0.0022 <0.001 0.0006 0.2890 
MS815 Stream 2  7/27/2016 <0.001 0.0318 0.2694 0.0002 0.0023 0.0016 0.0022 <0.001 <0.001 0.0020 0.1222 
MS816 Stream 3  7/27/2016 0.0008 0.0254 0.4393 0.0003 0.0026 0.0013 0.0020 0.0017 <0.001 0.0011 0.6301 
MS817 Stream 4  7/27/2016 <0.001 0.4992 0.7025 0.0009 0.0023 0.0033 0.0153 0.0012 <0.001 0.0009 0.2877 
MS834 Stream 1  9/16/2016 <0.001 0.0495 0.3478 0.0004 bdl bdl 0.0011 bdl 0.0064 0.0006 0.3980 
MS835 Lake 1  9/16/2016 <0.001 0.3113 0.5574 0.0003 bdl <0.001 0.0354 bdl 0.0060 0.0013 0.2666 
MS836 Lake 2  9/16/2016 0.0008 0.5433 0.3872 0.0002 bdl bdl 0.0210 bdl 0.0052 0.0011 0.2908 
MS837 Lake 3  9/16/2016 0.0016 1.3673 0.5680 0.0002 bdl bdl 0.0096 bdl 0.0059 0.0012 0.3350 
MS838 Stream 2  9/16/2016 0.0018 0.0723 0.3548 0.0003 bdl 0.0016 0.0131 bdl 0.0060 0.0029 0.1537 
MS839 Stream 3  9/16/2016 0.0011 0.0429 0.4340 0.0002 bdl bdl bdl bdl 0.0061 0.0013 0.6452 
MS840 Stream 4  9/16/2016 <0.001 0.2750 0.5154 0.0005 bdl bdl 0.0010 bdl 0.0053 0.0009 0.3370 
MS841 Stream 1  10/6/2016 0.0014 0.0437 0.1912 0.0002 bdl bdl 0.0104 0.0005 0.0006 <0.001 0.3613 
MS842 Lake 1  10/6/2016 <0.001 1.2071 0.5185 0.0004 bdl bdl 0.0092 0.0034 0.0006 0.0056 0.2318 
MS843 Lake 2  10/6/2016 <0.001 0.2880 0.1779 0.0001 bdl bdl 0.0018 0.0013 0.0007 0.0012 0.2484 
MS844 Lake 3  10/6/2016 bdl 0.9364 0.3860 0.0001 bdl bdl 0.0140 0.0017 0.0007 0.0013 0.2871 
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MS845 Stream 2  10/6/2016 <0.001 0.0106 0.0929 0.0001 <0.001 0.0005 bdl 0.0008 <0.001 0.0025 0.1420 
MS846 Stream 3  10/6/2016 0.0016 0.0224 0.2042 0.0002 <0.001 <0.001 0.0099 0.0029 0.0011 0.0022 0.6648 
MS847 Stream 4  10/6/2016 bdl 0.6285 0.7775 0.0013 <0.001 0.0018 0.0143 0.0023 0.0007 0.0010 0.3106 
MS848 Marsh  10/6/2016 0.0006 13.8289 137.5845 0.0064 0.0080 0.0046 0.0261 0.0365 0.0008 0.0016 0.7325 
MS861 Stream 1  11/15/2016 <0.001 0.0644 0.1844 0.0003 bdl bdl 0.0019 0.0008 0.0012 <0.001 0.3693 
MS862 Marsh  11/15/2016 <0.001 1.2613 5.9027 0.0017 0.0014 0.0011 0.1201 0.0030 0.0009 0.0008 0.3733 
MS863 Marsh  11/15/2016 0.0012 24.9440 256.4199 0.0184 0.0140 0.0198 0.0693 0.0190 0.0013 0.0022 1.1329 
MS864 Lake 1  11/15/2016 bdl 2.8917 1.7376 0.0007 0.0008 0.0028 0.0141 0.0019 0.0005 0.0020 0.2655 
MS865 Lake 2  11/15/2016 0.0006 0.2713 0.1979 0.0001 <0.001 bdl 0.0024 0.0007 <0.001 0.0011 0.2513 
MS866 Lake 3  11/15/2016 0.0009 0.1771 0.1961 0.0001 bdl bdl 0.0086 0.0007 <0.001 0.0012 0.2742 
MS867 Stream 2  11/15/2016 0.0014 0.0174 0.1389 0.0001 0.0025 0.0020 0.0012 <0.001 0.0008 0.0023 0.1500 
MS868 Stream 3  11/15/2016 0.0015 0.0238 0.2100 0.0001 0.0022 bdl 0.0188 0.0021 0.0008 0.0008 0.7508 
MS869 Stream 4  11/15/2016 0.0012 0.3076 0.2710 0.0003 0.0008 bdl 0.0035 0.0015 0.0005 0.0008 0.3015 
MS906 Stream 1  11/17/2016 0.0027 0.0235 0.1428 0.0001 0.0024 0.0010 0.0045 0.0013 0.0013 <0.001 0.3645 
MS907 Marsh  11/17/2016 <0.001 14.0334 259.7193 0.0060 0.0051 0.0032 0.0132 0.0221 0.0010 0.0009 0.6146 
MS908 Marsh  11/17/2016 0.0036 2.7768 144.9444 0.0025 0.0077 0.0262 0.0610 0.0125 0.0011 0.0015 0.5999 
MS909 Lake 1  11/17/2016 0.0015 17.8295 11.5755 0.0022 0.0062 0.0112 0.0564 0.0062 0.0007 0.0061 0.3266 
MS910 Lake 2  11/17/2016 0.0029 0.1253 0.2151 0.0002 0.0025 0.0010 0.0081 0.0013 0.0007 0.0010 0.2240 
MS911 Lake 3  11/17/2016 0.0041 0.1367 0.1976 0.0001 0.0037 0.0011 0.0083 0.0010 0.0008 0.0010 0.2405 
MS912 Stream 2  11/17/2016 0.0031 0.1013 0.2611 0.0003 0.0039 0.0076 0.0101 0.0011 0.0008 0.0016 0.0901 
MS913 Stream 3  11/17/2016 0.0026 0.0124 0.2195 0.0002 0.0024 0.0018 0.0046 0.0029 bdl 0.0009 0.5837 
MS914 Stream 4  11/17/2016 0.0029 0.2780 0.1827 0.0003 0.0026 0.0013 0.0052 0.0018 <0.001 0.0005 0.2744 
MS928 Stream 1  12/16/2016 0.0008 <0.01 0.1362 0.0001 0.0006 <0.001 0.0031 bdl 0.0007 <0.001 0.3278 
MS929 Marsh  12/16/2016 bdl 6.5360 121.6032 0.0046 0.0041 0.0029 0.0148 0.0079 0.0013 0.0006 0.6210 
MS930 Lake 1  12/16/2016 bdl 1.0589 0.6296 0.0002 0.0007 0.0010 0.0278 bdl 0.0006 0.0008 0.2412 
MS931 Lake 2  12/16/2016 0.0007 0.0914 0.2219 0.0001 0.0007 0.0006 0.0063 bdl <0.001 0.0008 0.2526 
MS932 Stream 2  12/16/2016 0.0005 0.1294 0.2716 0.0004 0.0058 0.0156 0.0183 bdl 0.0008 0.0013 0.1178 
MS933 Stream 3  12/16/2016 0.0009 0.0266 0.3072 0.0001 0.0019 0.0010 0.0063 bdl 0.0013 <0.001 0.4381 
MS934 Stream 4  12/16/2016 0.0011 0.1363 0.1534 0.0002 0.0020 0.0014 0.0083 bdl 0.0007 <0.001 0.2085 
MS935 Stream 1  1/20/2017 bdl 0.0055 bdl 0.0001 0.0012 <0.001 0.0007 <0.001 0.0013 <0.001 0.2555 
MS936 Foam Area 1  1/20/2017 bdl 0.0395 0.1183 0.0002 0.0012 0.0018 0.0071 <0.001 0.0022 <0.001 0.2246 
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MS937 Lake 1 Storm Runoff 1/20/2017 bdl 0.0354 0.1288 0.0003 0.0018 0.0026 0.0082 0.0008 bdl 0.0010 0.0266 
MS938 Lake 1  1/20/2017 bdl 0.2218 0.0920 0.0001 0.0007 bdl 0.0014 0.0009 bdl 0.0005 0.2001 
MS939 Lake 2  1/20/2017 bdl 0.1274 0.0900 0.0001 0.0015 <0.001 0.0029 0.0016 0.0021 0.0006 0.1875 
MS940 Lake 3  1/20/2017 bdl 0.1347 0.1342 0.0001 0.0012 0.0008 0.0050 0.0014 0.0012 0.0006 0.2003 
MS941 Stream 2  1/20/2017 bdl 0.0079 0.0190 0.0001 0.0012 <0.001 0.0052 0.0008 bdl 0.0006 0.1015 
MS942 Stream 3  1/20/2017 bdl 0.0383 0.0321 0.0002 0.0026 0.0034 0.0196 0.0006 bdl <0.001 0.3380 
MS943 Stream 4  1/20/2017 bdl 0.1396 0.2389 0.0003 0.0013 0.0008 0.0042 <0.001 bdl <0.001 0.1710 
MS949 Stream 1  2/17/2017 bdl <0.01 0.1562 bdl bdl bdl 0.0024 bdl 0.0112 <0.001 0.2925 
MS950 Marsh  2/17/2017 bdl 0.2655 2.0958 0.0005 bdl bdl 0.0086 bdl 0.0108 <0.001 0.2532 
MS951 Marsh  2/17/2017 0.0007 25.2357 316.2081 0.0265 bdl 0.0331 0.0934 0.0022 0.0108 0.0019 0.8212 
MS952 Lake 1  2/17/2017 bdl 0.2534 0.3202 <0.0001 bdl bdl 0.0035 bdl 0.0107 <0.001 0.2351 
MS953 Lake 2  2/17/2017 <0.001 0.1109 0.2914 0.0013 bdl bdl 0.0053 bdl 0.0110 <0.001 0.2341 
MS954 Lake 3  2/17/2017 bdl 0.1459 0.3665 <0.0001 bdl bdl 0.0033 bdl 0.0103 <0.001 0.2530 
MS955 Stream 2  2/17/2017 bdl 0.0095 0.1110 <0.0001 bdl bdl 0.0030 bdl 0.0108 0.0005 0.1180 
MS956 Stream 3  2/17/2017 bdl 0.0187 0.2357 0.0001 bdl bdl 0.0036 bdl 0.0109 <0.001 0.3303 
MS957 Stream 4  2/17/2017 0.0025 2.9285 12.4719 0.0084 0.0234 0.0249 0.0993 bdl 0.0109 0.0024 0.2696 
MS966 Stream 1  3/24/2017 0.0005 0.0208 0.2486 0.0001 bdl bdl 0.0053 bdl 0.0107 <0.001 0.3063 
MS967 Marsh  3/24/2017 <0.001 0.3366 3.0048 0.0009 bdl bdl 0.0125 bdl 0.0110 0.0007 0.3310 
MS968 Lake 1  3/24/2017 0.0039 5.1319 3.1675 0.0015 0.0029 0.0028 0.0393 bdl 0.0111 0.0020 0.2821 
MS969 Lake 2  3/24/2017 <0.001 0.1267 0.3195 0.0001 bdl bdl 0.0067 bdl 0.0113 <0.001 0.2488 
MS970 Lake 3  3/24/2017 bdl 0.1908 0.3755 0.0001 bdl bdl 0.0045 bdl 0.0112 <0.001 0.2613 
MS971 Stream 2  3/24/2017 <0.001 0.0120 0.2204 <0.0001 0.0022 bdl 0.0044 bdl 0.0114 0.0008 0.1372 
MS972 Stream 3  3/24/2017 0.0008 0.0084 0.3013 0.0001 bdl bdl 0.0040 bdl 0.0110 <0.001 0.3944 
MS973 Stream 4  3/24/2017 0.0012 1.0249 11.5565 0.0028 0.0351 0.0116 0.0493 bdl 0.0118 0.0012 0.2446 
MS983 Stream 1  5/2/2017 bdl 0.0073 bdl 0.0001 0.0013 0.0070 0.0103 bdl 0.0008 <0.001 0.2633 
MS984 Marsh  5/2/2017 bdl 1.0327 8.4763 0.0026 0.0044 0.0185 0.0305 0.0020 0.0011 0.0010 0.2647 
MS985 Lake 1  5/2/2017 bdl 0.1932 0.0767 0.0001 0.0011 0.0082 0.0144 bdl 0.0031 <0.001 0.2161 
MS986 Lake 2  5/2/2017 bdl 0.3718 0.1487 0.0002 0.0016 0.0064 0.0136 0.0009 0.0015 0.0007 0.2218 
MS987 Lake 3  5/2/2017 bdl 0.2518 0.1333 0.0001 0.0033 0.0043 0.0072 0.0006 0.0015 0.0007 0.2322 
MS988 Stream 2  5/2/2017 bdl 0.0237 0.0089 0.0002 0.0014 0.0046 0.0040 bdl 0.0008 0.0007 0.1229 
MS989 Stream 3  5/2/2017 bdl 0.0251 0.1209 0.0001 0.0015 0.0166 0.0125 0.0022 <0.001 0.0005 0.2594 
  
 
2
7
6
 
   
mg/L 
Sample Reference Name Analysis Date Cr    Mn  Fe   Co  Ni   Cu  Zn   As   Se   Rb  Sr    
MS990 Stream 4  5/2/2017 bdl 0.1112 0.0591 0.0002 0.0020 0.0056 0.0058 0.0020 0.0006 <0.001 0.1619 
MS991 Local Spring 5/2/2017 bdl <0.01 bdl 0.0001 0.0017 0.0103 0.0095 bdl 0.0012 0.0007 0.4937 
MS1002 Stream 1  5/31/2017 <0.001 0.0086 0.4494 bdl 0.0010 0.0024 0.0079 bdl 0.0108 <0.001 0.3208 
MS1003 Lake 1  5/31/2017 0.0007 2.2145 1.0056 0.0005 0.0015 0.0100 0.0282 bdl 0.0026 0.0055 0.2645 
MS1004 Lake 2  5/31/2017 0.0016 0.2570 0.6307 bdl 0.0011 0.0177 0.0323 bdl 0.0071 0.0005 0.2381 
MS1005 Lake 3  5/31/2017 0.0009 0.2218 0.6801 bdl 0.0009 0.0040 0.0102 bdl 0.0083 0.0006 0.2528 
MS1006 Stream 2  5/31/2017 0.0006 0.0196 0.3930 bdl 0.0024 0.0201 0.0204 bdl 0.0095 0.0007 0.1099 
MS1007 Stream 3  5/31/2017 <0.001 0.0401 0.5565 bdl 0.0009 0.0218 0.0206 bdl bdl <0.001 0.3881 
MS1008 Stream 4  5/31/2017 0.0006 0.1592 0.4959 bdl 0.0007 0.0110 0.0198 bdl 0.0054 <0.001 0.2145 
MS1037 Stream 1  6/20/2017 bdl 0.0171 0.2456 0.0003 0.0014 0.0042 0.0092 <0.001 0.0012 0.0006 0.3369 
MS1038 Marsh  6/20/2017 bdl 0.3014 0.7974 0.0004 0.0031 0.1246 0.0109 0.0007 0.0024 0.0009 0.3322 
MS1039 Lake 1  6/20/2017 bdl 0.7604 0.3290 0.0004 0.0019 0.0053 0.0258 0.0008 0.0006 0.0010 0.2645 
MS1040 Lake 2  6/20/2017 bdl 0.9910 0.4738 0.0004 0.0025 0.0034 0.0126 0.0022 0.0015 0.0011 0.2610 
MS1041 Lake 3  6/20/2017 bdl 1.0294 0.4224 0.0003 0.0032 0.0041 0.1083 0.0017 0.0019 0.0014 0.2767 
MS1042 Stream 2  6/20/2017 bdl 0.0269 0.1721 0.0003 0.0022 0.0063 0.0076 <0.001 <0.001 0.0018 0.1262 
MS1043 Stream 3  6/20/2017 bdl 0.1008 0.4338 0.0004 0.0038 0.0082 0.0226 0.0067 0.0033 0.0010 0.4568 
MS1044 Stream 4  6/20/2017 bdl 0.2526 0.2855 0.0003 0.0016 0.0138 0.0091 0.0036 0.0013 0.0008 0.2473 
MS1063 Stream 1  7/19/2017 bdl 0.0934 0.3390 0.0005 0.0053 0.0291 bdl bdl 0.0008 0.0006 0.3661 
MS1064 Marsh  7/19/2017 bdl 0.5672 1.4406 0.0017 0.0061 0.0135 bdl bdl 0.0017 0.0009 0.3730 
MS1065 Lake 1  7/19/2017 bdl 0.4794 0.3653 0.0004 0.0037 0.0261 0.1016 bdl 0.0015 0.0008 0.2525 
MS1066 Lake 2  7/19/2017 bdl 0.5210 0.7856 0.0004 0.0048 0.0189 bdl bdl bdl 0.0009 0.2723 
MS1067 Lake 3  7/19/2017 bdl 0.6427 0.4478 0.0003 0.0030 0.0338 bdl bdl 0.0023 0.0011 0.2789 
MS1068 Stream 2  7/19/2017 bdl 0.0351 0.1142 0.0003 0.0042 0.0112 bdl bdl bdl 0.0018 0.1024 
MS1069 Stream 3  7/19/2017 bdl 0.1325 0.4389 0.0006 0.0040 0.0126 bdl bdl 0.0022 0.0016 0.5386 
MS1070 Stream 4  7/19/2017 bdl 0.3298 0.5286 0.0006 0.0055 0.0138 0.0023 bdl <0.001 0.0007 0.2663 
MS1099 Stream 1  9/14/2017 0.0029 0.0370 0.4608 0.0002 <0.001 bdl bdl <0.0001 <0.0001 <0.0001 0.3327 
MS1100 Marsh  9/14/2017 0.0015 10.5047 189.7551 0.0061 0.0041 0.0029 0.0109 0.0495 <0.0001 0.0011 0.5603 
MS1101 Lake 1  9/14/2017 0.0198 0.9954 3.4989 0.0018 0.0147 0.0023 0.0187 0.0031 <0.0001 0.0009 0.2191 
MS1102 Lake 2  9/14/2017 0.0029 0.2553 0.4222 0.0001 <0.001 bdl 0.0663 0.0017 <0.0001 0.0009 0.2266 
MS1103 Lake 3  9/14/2017 0.0022 5.3650 2.4662 0.0004 0.0014 bdl 0.0433 0.0044 <0.0001 0.0010 0.2709 
MS1104 Stream 2  9/14/2017 0.0025 0.1559 0.6221 0.0005 0.0022 0.0006 0.0040 0.0007 <0.0001 0.0020 0.1444 
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MS1105 Stream 3  9/14/2017 0.0025 0.0360 0.4331 0.0001 0.0010 bdl bdl 0.0015 bdl 0.0005 0.4779 
MS1106 Stream 4  9/14/2017 0.0021 0.2828 0.5535 0.0004 0.0010 bdl bdl 0.0010 <0.0001 <0.0001 0.2551 
MS1147 Stream 1  11/28/2017 0.0020 <0.01 0.1500 0.0001 0.0020 0.0010 bdl 0.0010 0.0024 <0.001 0.2300 
MS1148 Lake 1  11/28/2017 0.0020 0.9400 12.3100 0.0010 0.0050 0.0160 0.0770 0.0090 0.0021 0.0020 0.2000 
MS1149 Lake 2  11/28/2017 0.0020 0.1300 0.3400 0.0002 0.0030 0.0030 0.0080 0.0020 0.0036 0.0010 0.1400 
MS1150 Lake 3  11/28/2017 0.0020 0.0600 0.2400 0.0001 0.0020 0.0020 0.0040 0.0010 0.0002 0.0010 0.1600 
MS1151 Stream 2  11/28/2017 0.0020 0.0300 0.1600 0.0002 0.0020 0.0020 0.0010 0.0010 0.0012 0.0010 0.0900 
MS1152 Stream 3  11/28/2017 0.0020 0.0100 0.1500 0.0001 0.0020 0.0020 bdl 0.0020 0.0002 0.0010 0.2400 
MS1153 Stream 4  11/28/2017 0.0009 0.0380 0.3625 0.0001 0.0006 0.0027 0.0096 0.0012 0.0070 <0.001 0.1455 
MS1183 Stream 1  3/20/2018 0.0010 <0.01 0.3200 0.0002 bdl 0.0020 0.0030 0.0010 0.0060 <0.001 0.3100 
MS1184 Marsh  3/20/2018 0.0010 3.4300 2.7800 0.0015 0.0010 0.0010 0.0050 0.0030 0.0060 <0.001 0.2700 
MS1185 Stream 2  3/20/2018 0.0010 <0.01 0.2400 0.0001 0.0040 0.0030 0.0040 0.0020 0.0060 0.0010 0.1200 
MS1186 Stream 4  3/20/2018 <0.001 0.0500 0.3800 0.0002 0.0010 0.0020 0.0040 0.0020 0.0060 <0.001 0.2100 
MS1195 Little Deer Creek S. 3/20/2018 0.0020 0.2100 3.8900 0.0029 0.0460 0.0090 0.0290 0.0020 0.0090 0.0120 0.4100 
MS1196 Little Deer Creek N. 3/20/2018 0.0030 0.4600 16.6400 0.0141 0.0320 0.0370 0.0570 0.0060 0.0100 0.1100 0.7200 
MS1245 Lake 2  7/31/2018 0.0029 0.0746 0.3448 <0.0001 0.0048 <0.0001 0.0812 bdl 0.0211 0.0009 0.2402 
MS1246 Lake 3  7/31/2018 0.0026 0.1340 0.2009 <0.0001 0.0014 bdl 0.0166 bdl 0.0185 0.0010 0.2454 
MS1247 Stream 1  7/31/2018 0.0034 0.0750 0.5305 0.0010 0.0031 0.0024 0.0207 bdl 0.0216 0.0007 0.3228 
MS1248 Marsh  7/31/2018 0.0034 56.6830 1016.6873 0.0732 0.0602 0.0115 0.2994 0.0510 0.0155 0.0055 6.0422 
MS1249 Marsh  7/31/2018 0.0007 11.3187 398.8023 0.0097 0.0077 0.0071 0.0363 0.0420 0.0152 0.0021 0.5901 
MS1250 Lake 1  7/31/2018 bdl 0.2248 0.3692 <0.0001 0.0008 <0.0001 0.0173 bdl 0.0171 0.0008 0.2177 
MS1251 Stream 2  7/31/2018 <0.001 0.0059 0.0303 <0.0001 0.0038 0.0037 0.0094 bdl 0.0240 0.0017 0.1141 
MS1252 Stream 3  7/31/2018 0.0024 0.0293 0.4819 <0.0001 0.0065 0.0037 0.0273 bdl 0.0228 0.0007 0.3978 
MS1253 Local Spring 7/31/2018 0.0025 bdl bdl <0.0001 0.0876 <0.0001 0.0032 bdl 0.0187 0.0007 0.6028 
MS1254 Stream 4  7/31/2018 0.0019 0.0575 0.1662 <0.0001 0.0013 <0.0001 0.0085 bdl 0.0152 <0.001 0.2071 
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MS476 Stream 1  6/24/2015 0.0007 bdl 0.0001 0.0019 0.0001 0.0001 0.0824 0.0014 0.0012 0.0005 0.0002 
MS477 Lake 1  6/24/2015 0.0008 bdl bdl 0.0026 0.0001 0.0000 0.0561 0.0011 0.0001 0.0003 0.0001 
MS478 Lake 2 Outflow 6/24/2015 0.0008 bdl bdl 0.0032 0.0002 0.0000 0.0451 0.0009 0.0001 0.0003 0.0002 
MS479 Stream 2  6/24/2015 0.0014 bdl bdl 0.0056 0.0002 0.0000 0.0564 0.0008 0.0001 0.0002 <0.0001 
MS480 Stream 3  6/24/2015 0.0008 bdl 0.0001 0.0035 0.0001 0.0000 0.1185 0.0007 0.0003 0.0002 0.0003 
MS496 Stream 1  7/14/2015 0.0004 bdl <0.0001 0.0008 0.0001 0.0005 0.0383 0.0006 <0.0001 0.0002 0.0001 
MS497 Lake 1  7/14/2015 0.0005 0.0002 <0.0001 <0.001 0.0001 0.0000 0.0297 0.0004 0.0001 0.0001 <0.0001 
MS498 Lake 3  7/14/2015 0.0005 bdl 0.0001 <0.001 0.0001 0.0005 0.0342 0.0004 0.0004 0.0001 <0.0001 
MS499 Lake 2  7/14/2015 0.0008 bdl <0.0001 <0.001 0.0001 0.0004 0.0309 0.0004 0.0003 0.0001 <0.0001 
MS500 Stream 2  7/14/2015 0.0004 0.0320 <0.0001 0.0010 0.0001 0.0000 0.0314 0.0003 0.0001 0.0001 <0.0001 
MS501 Stream 3  7/14/2015 0.0004 0.0015 <0.0001 0.0006 0.0002 0.0001 0.0523 0.0003 0.0001 0.0001 0.0001 
MS502 Stream 4  7/14/2015 0.0003 0.0004 <0.0001 <0.001 0.0001 0.0001 0.0331 0.0003 <0.0001 0.0000 0.0001 
MS526 Stream 1  8/11/2015 0.0001 bdl <0.0001 0.0005 <0.0001 0.0000 0.0407 bdl 0.0001 bdl bdl 
MS527 Lake 1  8/11/2015 0.0004 bdl <0.0001 0.0025 0.0001 0.0000 0.0299 bdl bdl bdl bdl 
MS528 Lake 2  8/11/2015 0.0001 bdl <0.0001 0.0022 0.0001 0.0000 0.0486 bdl bdl bdl bdl 
MS529 Lake 3  8/11/2015 0.0002 bdl <0.0001 0.0006 0.0001 0.0000 0.0351 bdl bdl bdl bdl 
MS530 Stream 2  8/11/2015 0.0010 0.0018 <0.0001 0.0009 0.0001 0.0000 0.0411 bdl bdl bdl bdl 
MS531 Stream 3  8/11/2015 0.0004 bdl 0.0001 0.0006 0.0001 0.0000 0.0560 bdl bdl bdl 0.0001 
MS532 Stream 4  8/11/2015 0.0003 bdl <0.0001 0.0012 0.0002 0.0000 0.0392 bdl 0.0002 bdl bdl 
MS559 Stream 1  9/24/2015 0.0004 bdl bdl 0.0033 0.0005 0.0000 0.0307 0.0004 <0.0001 0.0001 0.0002 
MS560 Lake 1  9/24/2015 0.0006 bdl bdl 0.0021 0.0005 0.0000 0.0265 0.0004 0.0001 0.0001 0.0001 
MS561 Lake 2  9/24/2015 0.0004 bdl bdl 0.0016 0.0004 0.0000 0.0331 0.0003 <0.0001 0.0001 <0.0001 
MS562 Lake 3  9/24/2015 0.0002 bdl bdl 0.0012 0.0004 0.0000 0.0360 0.0003 0.0001 0.0001 <0.0001 
MS563 Stream 2  9/24/2015 0.0011 <0.0001 <0.001 0.0012 0.0003 0.0000 0.0456 0.0002 0.0011 0.0000 <0.0001 
MS564 Stream 4  9/24/2015 0.0006 bdl bdl 0.0013 0.0003 0.0000 0.0318 0.0002 0.0003 0.0000 0.0003 
MS565 Stream 3  9/24/2015 0.0006 bdl bdl 0.0016 0.0003 0.0007 0.0422 0.0002 0.0001 0.0000 0.0004 
MS611 Stream 1  10/27/2015 0.0003 <0.0001 <0.0001 0.0014 0.0006 0.0000 0.0294 0.0004 0.0001 0.0001 0.0002 
MS612 Lake 1  10/27/2015 0.0006 <0.0001 <0.0001 0.0025 0.0005 0.0000 0.0245 0.0003 0.0001 0.0001 0.0001 
MS613 Lake 2  10/27/2015 0.0005 <0.0001 <0.0001 0.0016 0.0004 0.0003 0.0205 0.0003 0.0002 0.0000 0.0001 
MS614 Lake 3  10/27/2015 0.0005 <0.0001 <0.0001 0.0017 0.0003 0.0000 0.0234 0.0002 <0.0001 0.0000 0.0001 
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MS615 Stream 2  10/27/2015 0.0009 0.0001 <0.0001 0.0024 0.0003 0.0000 0.0314 0.0002 0.0001 0.0000 <0.0001 
MS616 Stream 3  10/27/2015 0.0005 <0.0001 <0.0001 0.0012 0.0003 0.0000 0.0423 0.0002 <0.0001 0.0000 0.0005 
MS617 Stream 4  10/27/2015 0.0003 <0.0001 <0.0001 0.0032 0.0003 0.0002 0.0258 0.0002 0.0002 0.0000 0.0001 
MS683 Stream 1  2/25/2016 0.0002 bdl 0.0004 0.0013 0.0001 0.0000 0.0346 0.0001 0.0003 0.0000 0.0001 
MS684 Lake 1  2/25/2016 0.0003 bdl <0.0001 0.0015 0.0001 0.0000 0.0397 0.0001 0.0003 0.0000 0.0001 
MS685 Lake 2  2/25/2016 0.0003 bdl 0.0001 0.0009 0.0001 0.0000 0.0411 0.0002 0.0004 0.0000 0.0002 
MS686 Lake 3  2/25/2016 0.0003 bdl <0.0001 0.0014 0.0001 0.0000 0.0390 0.0001 0.0005 0.0000 0.0002 
MS687 Stream 2  2/25/2016 0.0002 <0.0001 0.0001 0.0005 0.0001 0.0000 0.0311 0.0001 0.0005 0.0000 0.0001 
MS688 Stream 3  2/25/2016 0.0003 bdl 0.0001 0.0008 0.0001 0.0000 0.0570 0.0001 0.0002 0.0000 0.0001 
MS689 Stream 4  2/25/2016 0.0002 bdl 0.0001 0.0007 0.0001 <0.00001 0.0407 0.0001 0.0004 0.0000 0.0001 
MS690 Foam Area 1  2/25/2016 0.0002 bdl 0.0002 <0.001 0.0001 0.0000 0.0614 0.0001 0.0028 0.0000 0.0002 
MS709 Foam Area 2  2/25/2016 0.0001 bdl 0.0001 0.0008 0.0002 <0.00001 0.0366 <0.0001 0.0004 <0.00001 0.0001 
MS710 Foam Area 1  2/25/2016 0.0002 bdl 0.0001 0.0005 <0.0001 0.0000 0.0349 <0.0001 0.0003 <0.00001 0.0001 
MS711 Stream 1  2/25/2016 0.0001 bdl <0.0001 0.0015 0.0002 <0.00001 0.0383 <0.0001 0.0011 <0.00001 0.0001 
MS712 Stream 1 Source 2/25/2016 0.0003 bdl 0.0001 0.0008 0.0001 0.0000 0.0365 <0.0001 0.0003 <0.00001 0.0001 
MS713 Lake 1  2/25/2016 0.0002 0.0007 0.0001 0.0006 0.0001 0.0000 0.0385 <0.0001 0.0005 <0.00001 0.0001 
MS714 Lake 2  2/25/2016 0.0002 0.0003 0.0001 0.0008 0.0001 0.0000 0.0463 <0.0001 0.0005 <0.00001 0.0002 
MS715 Lake 3  2/25/2016 0.0003 bdl 0.0001 0.0011 0.0001 0.0000 0.0475 <0.0001 0.0004 <0.00001 0.0002 
MS716 Stream 2  2/25/2016 0.0003 bdl 0.0001 0.0007 0.0002 0.0000 0.0277 0.0001 0.0007 <0.00001 0.0001 
MS717 Stream 3  2/25/2016 0.0005 bdl 0.0001 0.0017 0.0002 0.0000 0.0552 <0.0001 0.0010 <0.00001 0.0001 
MS718 Stream 4  2/25/2016 0.0001 bdl 0.0005 0.0008 <0.0001 <0.00001 0.0361 <0.0001 0.0005 <0.00001 0.0001 
MS743 Foam Area 2  3/30/2016 0.0002 bdl bdl 0.0006 0.0019 0.0000 0.0401 0.0001 0.0006 0.0000 bdl 
MS744 Stream 1  3/30/2016 0.0002 bdl bdl 0.0018 0.0023 0.0000 0.0381 0.0001 0.0005 0.0000 bdl 
MS745 Lake 1  3/30/2016 0.0003 bdl bdl 0.0010 0.0028 0.0001 0.0389 0.0001 0.0002 0.0000 bdl 
MS746 Foam Area 3  3/30/2016 0.0003 bdl bdl 0.0010 0.0021 <0.00001 0.0385 <0.0001 0.0004 0.0000 bdl 
MS747 Lake 2  3/30/2016 0.0004 bdl bdl 0.0016 0.0022 0.0000 0.0487 0.0001 0.0002 0.0000 bdl 
MS748 Lake 3  3/30/2016 0.0004 bdl bdl 0.0014 0.0024 <0.00001 0.0484 0.0001 0.0002 0.0000 bdl 
MS749 Stream 2  3/30/2016 0.0005 bdl bdl 0.0011 0.0015 <0.00001 0.0325 0.0001 0.0003 0.0000 bdl 
MS750 Stream 3  3/30/2016 0.0002 bdl bdl 0.0007 0.0019 0.0000 0.0631 0.0001 0.0001 <0.00001 bdl 
MS751 Stream 4  3/30/2016 0.0002 bdl bdl 0.0010 0.0025 0.0002 0.0373 <0.0001 0.0002 <0.00001 bdl 
  
 
2
8
0
 
   
mg/L 
Sample Reference Name Analysis 
Date 
Mo  Ag  Cd  Sn   Sb  Cs    Ba   W    Pb  Bi    U     
MS783 Foam Area 2  6/2/2016 0.0001 <0.0001 <0.0001 <0.001 0.0002 <0.00001 0.0387 0.0002 0.0005 0.0001 0.0001 
MS784 Stream 1  6/2/2016 0.0001 <0.0001 <0.0001 <0.001 0.0001 <0.00001 0.0394 0.0002 0.0003 0.0001 0.0001 
MS785 Lake 1  6/2/2016 0.0004 <0.0001 bdl 0.0012 0.0002 bdl 0.0411 0.0002 0.0002 0.0001 0.0002 
MS786 Lake 2  6/2/2016 0.0004 <0.0001 bdl 0.0012 0.0002 <0.00001 0.0506 0.0002 0.0002 0.0001 0.0002 
MS787 Lake 3  6/2/2016 0.0004 <0.0001 <0.0001 0.0008 0.0001 <0.00001 0.0493 0.0002 0.0002 0.0001 0.0002 
MS788 Stream 2  6/2/2016 0.0004 0.0002 0.0001 <0.001 0.0001 0.0012 0.0365 0.0002 0.0007 0.0000 0.0001 
MS789 Stream 3  6/2/2016 0.0003 <0.0001 bdl <0.001 0.0001 0.0007 0.0681 0.0001 0.0001 0.0000 0.0002 
MS790 Stream 4  6/2/2016 0.0002 <0.0001 0.0003 0.0008 0.0001 0.0001 0.1647 0.0001 0.0068 0.0000 0.0003 
MS804 Stream 1  6/29/2016 0.0002 0.0001 bdl bdl 0.0002 <0.00001 0.0321 0.0006 0.0002 0.0001 0.0001 
MS805 Lake 1  6/29/2016 0.0006 <0.0001 bdl bdl 0.0002 <0.00001 0.0317 0.0006 0.0001 0.0000 0.0001 
MS806 Lake 2  6/29/2016 0.0004 bdl bdl bdl 0.0002 <0.00001 0.0368 0.0006 0.0002 0.0000 0.0001 
MS807 Lake 3  6/29/2016 0.0003 bdl bdl bdl 0.0002 bdl 0.0397 0.0005 <0.0001 0.0000 0.0001 
MS808 Stream 2  6/29/2016 0.0011 0.0116 bdl bdl 0.0002 0.0000 0.0337 0.0004 0.0001 0.0000 <0.0001 
MS809 Stream 3  6/29/2016 0.0004 0.0002 bdl bdl 0.0001 bdl 0.0502 0.0004 0.0001 0.0000 0.0002 
MS810 Stream 4  6/29/2016 0.0002 <0.0001 bdl bdl 0.0001 bdl 0.0366 0.0004 0.0003 0.0000 0.0002 
MS811 Stream 1  7/27/2016 0.0012 0.0001 0.0006 0.0009 0.0020 0.0001 0.0328 0.0027 0.0005 0.0007 0.0001 
MS812 Lake 1  7/27/2016 0.0013 0.0001 <0.0001 0.0006 0.0011 0.0001 0.0441 0.0017 0.0002 0.0004 0.0001 
MS813 Lake 2  7/27/2016 0.0006 bdl <0.0001 <0.001 0.0007 0.0001 0.0356 0.0010 0.0000 0.0003 <0.0001 
MS814 Lake 3  7/27/2016 0.0005 <0.0001 0.0001 <0.001 0.0005 0.0001 0.0671 0.0007 0.0001 0.0002 <0.0001 
MS815 Stream 2  7/27/2016 0.0020 0.0009 <0.0001 <0.001 0.0004 0.0000 0.0403 0.0006 0.0006 0.0001 <0.0001 
MS816 Stream 3  7/27/2016 0.0008 bdl <0.0001 <0.001 0.0003 <0.00001 0.0527 0.0004 0.0001 0.0001 0.0002 
MS817 Stream 4  7/27/2016 0.0005 bdl 0.0002 <0.001 0.0002 <0.00001 0.0736 0.0003 0.0032 0.0001 0.0002 
MS834 Stream 1  9/16/2016 0.0001 0.0001 0.0018 bdl 0.0001 0.0000 0.0449 0.0001 0.0007 0.0000 0.0001 
MS835 Lake 1  9/16/2016 0.0006 0.0003 0.0020 bdl 0.0002 0.0000 0.0415 0.0002 0.0009 0.0000 0.0001 
MS836 Lake 2  9/16/2016 0.0002 0.0001 0.0020 <0.001 0.0002 0.0000 0.0394 0.0001 0.0002 0.0000 <0.0001 
MS837 Lake 3  9/16/2016 0.0002 0.0002 0.0018 <0.001 0.0002 0.0000 0.1177 0.0001 0.0002 0.0000 <0.0001 
MS838 Stream 2  9/16/2016 0.0018 0.0004 0.0021 <0.001 0.0002 0.0000 0.0477 0.0001 0.0004 0.0000 <0.0001 
MS839 Stream 3  9/16/2016 0.0006 0.0001 0.0021 <0.001 0.0002 0.0001 0.0649 0.0001 0.0001 0.0000 0.0003 
MS840 Stream 4  9/16/2016 0.0005 bdl 0.0022 <0.001 0.0001 0.0000 0.0542 0.0001 0.0011 0.0000 0.0002 
MS841 Stream 1  10/6/2016 0.0004 0.0005 bdl bdl 0.0005 0.0000 0.0432 0.0264 0.0006 0.0001 0.0001 
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MS842 Lake 1  10/6/2016 0.0008 0.0021 bdl bdl 0.0005 0.0000 0.0272 0.0232 0.0008 0.0000 0.0001 
MS843 Lake 2  10/6/2016 0.0004 bdl bdl bdl 0.0003 0.0000 0.0334 0.0203 bdl bdl <0.0001 
MS844 Lake 3  10/6/2016 0.0004 bdl bdl bdl 0.0002 0.0000 0.0474 0.0192 0.0002 bdl <0.0001 
MS845 Stream 2  10/6/2016 0.0017 0.0023 bdl bdl 0.0002 0.0000 0.0511 0.0167 <0.0001 bdl bdl 
MS846 Stream 3  10/6/2016 0.0009 bdl bdl bdl 0.0002 0.0000 0.0589 0.0156 0.0001 bdl 0.0004 
MS847 Stream 4  10/6/2016 0.0004 0.0069 bdl bdl 0.0001 0.0000 0.0800 0.0155 0.0067 bdl 0.0003 
MS848 Marsh  10/6/2016 0.0001 0.0910 0.0001 bdl 0.0001 0.0000 0.5990 0.0071 0.0117 bdl 0.0004 
MS861 Stream 1  11/15/2016 <0.0001 bdl bdl bdl bdl bdl 0.0407 0.0013 0.0007 bdl 0.0001 
MS862 Marsh  11/15/2016 0.0001 0.0017 0.0002 bdl bdl 0.0000 0.0781 0.0006 0.0055 bdl 0.0003 
MS863 Marsh  11/15/2016 bdl 0.2272 0.0016 bdl bdl 0.0000 1.5770 bdl 0.0200 bdl 0.0009 
MS864 Lake 1  11/15/2016 0.0002 0.0241 0.0001 bdl <0.0001 0.0000 0.0983 bdl 0.0015 bdl 0.0002 
MS865 Lake 2  11/15/2016 0.0002 0.0009 <0.0001 bdl bdl bdl 0.0386 bdl 0.0001 bdl 0.0001 
MS866 Lake 3  11/15/2016 0.0003 bdl <0.0001 bdl bdl 0.0000 0.0383 bdl 0.0001 bdl 0.0001 
MS867 Stream 2  11/15/2016 0.0015 0.0019 <0.0001 bdl bdl 0.0000 0.0404 bdl 0.0002 bdl bdl 
MS868 Stream 3  11/15/2016 0.0003 bdl bdl bdl bdl 0.0000 0.0599 bdl 0.0044 bdl 0.0004 
MS869 Stream 4  11/15/2016 0.0001 bdl <0.0001 bdl 0.0011 0.0000 0.0358 bdl 0.0004 bdl 0.0002 
MS906 Stream 1  11/17/2016 0.0001 0.0011 0.0001 <0.0001 0.0001 0.0002 0.0384 0.0018 0.0002 bdl 0.0001 
MS907 Marsh  11/17/2016 0.0001 0.0354 0.0002 0.0001 0.0001 0.0000 0.7892 0.0013 0.0012 bdl 0.0002 
MS908 Marsh  11/17/2016 0.0001 0.0370 0.0009 0.0004 0.0001 0.0001 0.4783 0.0012 0.0087 <0.00001 0.0003 
MS909 Lake 1  11/17/2016 0.0002 0.0066 0.0004 0.0001 0.0007 0.0000 0.3529 0.0010 0.0019 bdl 0.0004 
MS910 Lake 2  11/17/2016 0.0004 0.0017 <0.0001 0.0001 0.0002 0.0001 0.0298 0.0008 0.0001 bdl 0.0001 
MS911 Lake 3  11/17/2016 0.0004 0.0020 <0.0001 0.0002 0.0017 0.0001 0.0312 0.0008 <0.0001 bdl 0.0001 
MS912 Stream 2  11/17/2016 0.0003 0.0255 0.0002 0.0002 0.0001 0.0000 0.0341 0.0006 0.0005 bdl <0.0001 
MS913 Stream 3  11/17/2016 0.0003 0.0022 0.0001 <0.0001 0.0001 0.0000 0.0574 0.0007 0.0001 bdl 0.0003 
MS914 Stream 4  11/17/2016 0.0002 0.0020 0.0001 0.0002 0.0001 0.0000 0.0381 0.0006 0.0002 bdl 0.0001 
MS928 Stream 1  12/16/2016 0.0001 bdl <0.0001 <0.0001 <0.0001 bdl 0.0281 0.0004 bdl bdl 0.0001 
MS929 Marsh  12/16/2016 <0.0001 bdl 0.0002 bdl <0.0001 0.0054 0.9573 0.0004 0.0006 bdl 0.0002 
MS930 Lake 1  12/16/2016 0.0003 bdl 0.0001 <0.0001 0.0002 0.0000 0.1023 0.0002 0.0038 bdl 0.0001 
MS931 Lake 2  12/16/2016 0.0003 bdl <0.0001 <0.0001 0.0001 0.0010 0.0321 0.0002 0.0001 bdl 0.0001 
MS932 Stream 2  12/16/2016 0.0003 bdl 0.0003 <0.0001 0.0001 0.0000 0.0727 0.0002 0.0023 bdl 0.0001 
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MS933 Stream 3  12/16/2016 0.0002 bdl <0.0001 bdl <0.0001 0.0000 0.0451 bdl 0.0001 bdl 0.0002 
MS934 Stream 4  12/16/2016 0.0001 bdl <0.0001 bdl <0.0001 0.0000 0.0275 0.0001 0.0003 bdl 0.0001 
MS935 Stream 1  1/20/2017 0.0004 0.0003 0.0000 0.0001 0.0003 <0.00001 0.0232 0.0102 <0.0001 0.0001 0.0001 
MS936 Foam Area 1  1/20/2017 0.0003 0.0005 <0.0001 0.0001 0.0003 <0.00001 0.0373 0.0097 0.0014 0.0001 0.0001 
MS937 Lake 1 Storm Runoff 1/20/2017 0.0002 0.0006 0.0001 0.0001 0.0002 0.0000 0.0220 0.0086 0.0015 0.0001 0.0001 
MS938 Lake 1  1/20/2017 0.0004 0.0005 <0.0001 0.0001 0.0002 0.0004 0.0275 0.0084 <0.0001 0.0000 0.0001 
MS939 Lake 2  1/20/2017 0.0004 0.0004 <0.0001 0.0001 0.0002 <0.00001 0.0268 0.0070 0.0002 0.0000 0.0001 
MS940 Lake 3  1/20/2017 0.0004 0.0002 <0.0001 0.0002 0.0002 <0.00001 0.0280 0.0072 0.0005 0.0000 0.0001 
MS941 Stream 2  1/20/2017 0.0003 0.0002 <0.0001 0.0001 0.0001 0.0000 0.0184 0.0059 0.0001 0.0000 <0.0001 
MS942 Stream 3  1/20/2017 0.0002 0.0006 0.0003 <0.0001 0.0001 <0.00001 0.0464 0.0063 0.0009 0.0000 0.0001 
MS943 Stream 4  1/20/2017 0.0002 0.0002 0.0001 0.0000 0.0001 bdl 0.0336 0.0053 0.0009 0.0000 0.0001 
MS949 Stream 1  2/17/2017 bdl bdl 0.0001 bdl bdl bdl 0.0247 bdl 0.0001 bdl <0.0001 
MS950 Marsh  2/17/2017 bdl bdl 0.0001 bdl bdl bdl 0.0470 bdl 0.0022 bdl 0.0001 
MS951 Marsh  2/17/2017 bdl bdl 0.0029 bdl bdl 0.0000 2.1754 bdl 0.0155 bdl 0.0017 
MS952 Lake 1  2/17/2017 bdl bdl 0.0000 bdl bdl bdl 0.0293 bdl 0.0008 bdl 0.0001 
MS953 Lake 2  2/17/2017 bdl bdl 0.0000 bdl bdl bdl 0.0290 bdl 0.0002 bdl 0.0001 
MS954 Lake 3  2/17/2017 bdl bdl 0.0000 bdl bdl bdl 0.0295 bdl 0.0002 bdl 0.0001 
MS955 Stream 2  2/17/2017 bdl bdl 0.0001 bdl bdl bdl 0.0203 bdl 0.0003 bdl bdl 
MS956 Stream 3  2/17/2017 bdl bdl 0.0000 bdl bdl bdl 0.0383 bdl 0.0002 bdl 0.0001 
MS957 Stream 4  2/17/2017 bdl bdl 0.0017 bdl 0.0001 bdl 0.2626 bdl 0.0355 bdl 0.0009 
MS966 Stream 1  3/24/2017 bdl bdl 0.0001 bdl bdl bdl 0.0311 bdl 0.0005 bdl <0.0001 
MS967 Marsh  3/24/2017 bdl bdl 0.0002 bdl bdl bdl 0.0879 bdl 0.0048 bdl 0.0001 
MS968 Lake 1  3/24/2017 bdl bdl 0.0005 bdl 0.0001 bdl 0.1317 bdl 0.0034 bdl 0.0002 
MS969 Lake 2  3/24/2017 bdl bdl 0.0000 bdl bdl bdl 0.0274 bdl 0.0002 bdl 0.0001 
MS970 Lake 3  3/24/2017 bdl bdl 0.0000 bdl bdl bdl 0.0281 bdl 0.0001 bdl 0.0001 
MS971 Stream 2  3/24/2017 bdl bdl 0.0001 bdl bdl bdl 0.0290 bdl 0.0004 bdl <0.0001 
MS972 Stream 3  3/24/2017 bdl bdl 0.0000 bdl bdl bdl 0.0431 bdl 0.0001 bdl 0.0001 
MS973 Stream 4  3/24/2017 bdl bdl 0.0007 bdl bdl bdl 0.1079 bdl 0.0142 bdl 0.0003 
MS983 Stream 1  5/2/2017 0.0001 bdl bdl 0.0001 <0.0001 0.0000 0.0248 0.0022 0.0002 bdl <0.0001 
MS984 Marsh  5/2/2017 0.0001 0.0036 0.0005 <0.0001 0.0001 0.0000 0.1311 0.0020 0.0095 <0.0001 0.0003 
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MS985 Lake 1  5/2/2017 0.0003 bdl bdl 0.0002 0.0001 0.0000 0.0246 0.0019 0.0003 bdl 0.0001 
MS986 Lake 2  5/2/2017 0.0003 bdl <0.0001 0.0001 0.0001 0.0000 0.0365 0.0019 0.0002 bdl 0.0001 
MS987 Lake 3  5/2/2017 0.0002 bdl <0.0001 <0.0001 0.0001 0.0000 0.0300 0.0016 bdl bdl 0.0001 
MS988 Stream 2  5/2/2017 0.0002 0.0260 <0.0001 0.0001 0.0001 0.0000 0.0219 0.0018 0.0003 bdl <0.0001 
MS989 Stream 3  5/2/2017 0.0003 bdl <0.0001 bdl 0.0001 0.0000 0.0359 0.0011 0.0004 bdl 0.0001 
MS990 Stream 4  5/2/2017 0.0003 bdl <0.0001 <0.0001 0.0001 0.0000 0.0272 0.0007 0.0003 bdl 0.0001 
MS991 Local Spring 5/2/2017 0.0003 bdl bdl <0.0001 0.0001 0.0000 0.0535 0.0010 0.0002 bdl 0.0001 
MS1002 Stream 1  5/31/2017 <0.0001 bdl 0.0002 0.0001 <0.0001 bdl 0.0341 0.0044 0.0001 bdl 0.0001 
MS1003 Lake 1  5/31/2017 <0.0001 bdl 0.0001 <0.0001 0.0001 bdl 0.0640 0.0044 0.0008 bdl 0.0001 
MS1004 Lake 2  5/31/2017 <0.0001 bdl 0.0001 0.0001 0.0001 bdl 0.0370 0.0071 0.0005 bdl 0.0001 
MS1005 Lake 3  5/31/2017 <0.0001 bdl 0.0003 0.0002 0.0005 bdl 0.0398 0.0040 0.0059 bdl 0.0001 
MS1006 Stream 2  5/31/2017 <0.0001 bdl 0.0002 0.0002 0.0001 bdl 0.0293 0.0041 0.0010 bdl <0.0001 
MS1007 Stream 3  5/31/2017 <0.0001 bdl 0.0001 0.0001 0.0001 bdl 0.0600 0.0042 0.0006 bdl 0.0001 
MS1008 Stream 4  5/31/2017 bdl bdl <0.0001 <0.0001 <0.0001 bdl 0.0307 0.0041 0.0004 bdl 0.0001 
MS1037 Stream 1  6/20/2017 0.0011 0.0046 <0.0001 0.0011 0.0002 0.0001 0.0361 0.0225 0.0032 0.0012 0.0002 
MS1038 Marsh  6/20/2017 0.0011 0.0020 <0.0001 0.0008 0.0002 0.0001 0.0427 0.0180 0.0006 0.0008 0.0002 
MS1039 Lake 1  6/20/2017 0.0008 0.0009 <0.0001 0.0006 0.0002 0.0000 0.0642 0.0143 0.0006 0.0006 0.0001 
MS1040 Lake 2  6/20/2017 0.0005 0.0022 bdl 0.0004 0.0001 0.0000 0.0815 0.0125 0.0001 0.0004 0.0001 
MS1041 Lake 3  6/20/2017 0.0005 0.0031 bdl 0.0005 0.0002 0.0001 0.0940 0.0107 0.0002 0.0003 0.0001 
MS1042 Stream 2  6/20/2017 0.0009 0.1115 bdl 0.0002 0.0001 0.0000 0.0343 0.0093 0.0003 0.0003 bdl 
MS1043 Stream 3  6/20/2017 0.0005 0.0036 <0.0001 0.0003 0.0001 0.0001 0.0692 0.0084 0.0010 0.0002 0.0002 
MS1044 Stream 4  6/20/2017 0.0004 0.0043 <0.0001 0.0002 0.0001 0.0000 0.0309 0.0077 0.0003 0.0002 0.0001 
MS1063 Stream 1  7/19/2017 0.0001 bdl bdl bdl <0.0001 0.0001 0.0449 0.0026 bdl <0.0001 bdl 
MS1064 Marsh  7/19/2017 0.0002 bdl bdl <0.0001 <0.0001 0.0001 0.1011 0.0022 bdl <0.0001 bdl 
MS1065 Lake 1  7/19/2017 0.0004 bdl bdl 0.0002 0.0001 0.0001 0.0435 0.0022 bdl <0.0001 bdl 
MS1066 Lake 2  7/19/2017 0.0005 bdl bdl 0.0001 <0.0001 0.0001 0.0383 0.0024 bdl <0.0001 bdl 
MS1067 Lake 3  7/19/2017 0.0004 bdl bdl bdl <0.0001 0.0001 0.0400 0.0025 bdl <0.0001 bdl 
MS1068 Stream 2  7/19/2017 0.0006 bdl bdl bdl <0.0001 0.0001 0.0359 0.0021 bdl <0.0001 bdl 
MS1069 Stream 3  7/19/2017 0.0004 0.0011 bdl bdl 0.0001 0.0001 0.0927 0.0020 bdl <0.0001 <0.0001 
MS1070 Stream 4  7/19/2017 0.0003 bdl bdl bdl bdl 0.0001 0.0397 0.0023 bdl <0.0001 bdl 
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mg/L 
Sample Reference Name Analysis 
Date 
Mo  Ag  Cd  Sn   Sb  Cs    Ba   W    Pb  Bi    U     
MS1099 Stream 1  9/14/2017 0.0008 bdl bdl bdl <0.0001 bdl 0.0285 bdl <0.0001 bdl bdl 
MS1100 Marsh  9/14/2017 bdl bdl 0.0003 bdl <0.0001 0.0000 0.6278 bdl 0.0072 bdl 0.0002 
MS1101 Lake 1  9/14/2017 0.0020 bdl 0.0001 bdl 0.0001 0.0000 0.0482 bdl 0.0120 bdl 0.0002 
MS1102 Lake 2  9/14/2017 0.0002 bdl bdl bdl 0.0001 0.0000 0.0264 bdl 0.0001 bdl bdl 
MS1103 Lake 3  9/14/2017 0.0005 bdl bdl bdl 0.0001 0.0000 0.2721 bdl 0.0010 bdl bdl 
MS1104 Stream 2  9/14/2017 0.0010 bdl <0.0001 bdl 0.0001 0.0000 0.0364 bdl 0.0016 bdl bdl 
MS1105 Stream 3  9/14/2017 0.0003 bdl bdl bdl 0.0001 bdl 0.0371 bdl bdl bdl 0.0003 
MS1106 Stream 4  9/14/2017 0.0001 bdl <0.0001 bdl <0.0001 bdl 0.0333 bdl 0.0007 bdl <0.0001 
MS1147 Stream 1  11/28/2017 0.0005 0.0001 <0.0001 0.0002 0.0005 <0.00001 0.0200 0.0240 bdl 0.0001 <0.0001 
MS1148 Lake 1  11/28/2017 0.0006 0.0001 0.0002 0.0002 0.0006 0.0000 0.0700 0.0118 0.0093 0.0001 0.0002 
MS1149 Lake 2  11/28/2017 0.0004 0.0001 <0.0001 0.0002 0.0003 0.0000 0.0200 0.0106 0.0003 <0.0001 0.0001 
MS1150 Lake 3  11/28/2017 0.0006 0.0001 <0.0001 0.0001 0.0003 0.0000 0.0200 0.0128 0.0002 <0.0001 0.0001 
MS1151 Stream 2  11/28/2017 0.0005 <0.0001 <0.0001 0.0001 0.0002 <0.00001 0.0200 0.0119 0.0005 <0.0001 <0.0001 
MS1152 Stream 3  11/28/2017 0.0004 <0.0001 <0.0001 0.0001 0.0002 <0.00001 0.0200 0.0126 0.0000 <0.0001 0.0001 
MS1153 Stream 4  11/28/2017 0.0003 0.0003 <0.0001 <0.0001 0.0002 0.0000 0.0220 0.0136 0.0004 <0.0001 <0.0001 
MS1183 Stream 1  3/20/2018 bdl bdl <0.0001 bdl <0.0001 <0.00001 0.0300 0.0051 0.0003 <0.0001 <0.0001 
MS1184 Marsh  3/20/2018 0.0002 0.0004 <0.0001 <0.0001 <0.0001 0.0000 0.0500 0.0043 0.0004 <0.0001 <0.0001 
MS1185 Stream 2  3/20/2018 0.0003 0.0010 <0.0001 <0.0001 0.0001 <0.00001 0.0300 0.0044 0.0001 <0.0001 <0.0001 
MS1186 Stream 4  3/20/2018 <0.0001 bdl bdl bdl <0.0001 <0.00001 0.0200 0.0037 0.0002 bdl 0.0001 
MS1195 Little Deer Creek S. 3/20/2018 0.0001 0.0001 0.0002 <0.0001 0.0001 0.0000 0.0300 0.0022 0.0009 bdl 0.0002 
MS1196 Little Deer Creek N. 3/20/2018 0.0007 0.0016 0.0001 <0.0001 0.0001 0.0006 0.0300 0.0021 0.0007 <0.0001 0.0007 
MS1245 Lake 2  7/31/2018 0.0003 bdl bdl 0.0002 0.0020 <0.00001 0.0214 bdl 0.0001 <0.0001 <0.0001 
MS1246 Lake 3  7/31/2018 0.0004 bdl bdl <0.0001 0.0043 <0.00001 0.0178 bdl bdl <0.0001 <0.0001 
MS1247 Stream 1  7/31/2018 0.0001 bdl 0.0001 <0.0001 0.0039 0.0000 0.0230 bdl 0.0036 <0.0001 0.0001 
MS1248 Marsh  7/31/2018 0.0001 bdl 0.0031 0.0001 0.0008 0.0000 6.1197 bdl 0.0074 <0.0001 0.0007 
MS1249 Marsh  7/31/2018 <0.0001 bdl 0.0003 bdl 0.0024 0.0000 1.1339 bdl 0.0039 <0.0001 0.0002 
MS1250 Lake 1  7/31/2018 0.0003 bdl bdl 0.0001 0.0022 <0.00001 0.0233 bdl 0.0005 <0.0001 0.0001 
MS1251 Stream 2  7/31/2018 0.0007 bdl bdl <0.0001 0.0009 0.0000 0.0169 bdl 0.0004 <0.0001 <0.0001 
MS1252 Stream 3  7/31/2018 0.0002 bdl 0.0001 0.0001 0.0020 0.0000 0.0245 bdl 0.0010 <0.0001 0.0001 
MS1253 Local Spring 7/31/2018 0.0003 bdl <0.0001 bdl 0.0010 <0.00001 0.0309 bdl <0.0001 <0.0001 0.0001 
  
 
2
8
5
 
   
mg/L 
Sample Reference Name Analysis 
Date 
Mo  Ag  Cd  Sn   Sb  Cs    Ba   W    Pb  Bi    U     
MS1254 Stream 4  7/31/2018 0.0003 bdl bdl 0.0002 0.0029 <0.00001 0.0132 bdl 0.0002 <0.0001 0.0001 
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Appendix N: Gas Chromatography Data 
   
(µg/L) 
Sample Reference Name Analysis Date  Methane Ethane  Ethene  Propane  Propylene Butane  
MS476 Stream 1  6/15/2015 1.48 ND ND ND ND ND 
MS477 Lake 1  6/15/2015 22.7 ND ND ND ND ND 
MS478 Lake 2 Outflow 6/15/2015 1.53 ND ND ND ND ND 
MS479 Stream 2  6/15/2015 1.96 ND ND ND ND ND 
MS480 Stream 3  6/15/2015 5.52 ND ND ND ND ND 
MS496 Stream 1  7/6/2015 ND ND ND ND ND ND 
MS497 Lake 1  7/6/2015 1.06 ND ND ND ND ND 
MS498 Lake 3  7/6/2015 1.63 ND ND ND ND ND 
MS499 Lake 2  7/6/2015 0.59 ND ND ND ND ND 
MS500 Stream 2  7/6/2015 0.63 ND ND ND ND ND 
MS501 Stream 3  7/6/2015 0.56 ND ND ND ND ND 
MS502 Stream 4  7/6/2015 1.5 ND ND ND ND ND 
MS526 Stream 1  8/5/2015 ND ND ND ND ND ND 
MS527 Lake 1  8/5/2015 27.07 ND ND ND ND ND 
MS528 Lake 2  8/5/2015 2.69 ND ND ND ND ND 
MS529 Lake 3  8/5/2015 38.89 ND ND ND ND ND 
MS530 Stream 2  8/5/2015 0.44 ND ND ND ND ND 
MS531 Stream 3  8/5/2015 1.33 ND ND ND ND ND 
MS532 Stream 4  8/5/2015 2 ND ND ND ND ND 
MS559 Stream 1  9/10/2015 0.36 ND ND ND ND ND 
MS560 Lake 1  9/10/2015 3.08 ND ND ND ND ND 
MS561 Lake 2  9/10/2015 ND ND ND ND ND ND 
MS562 Lake 3  9/10/2015 ND ND ND ND ND ND 
MS563 Stream 2  9/10/2015 ND ND ND ND ND ND 
MS564 Stream 4  9/10/2015 1.64 ND ND ND ND ND 
MS565 Stream 3  9/10/2015 ND ND ND ND ND ND 
MS611 Stream 1  10/22/2015 ND ND ND ND ND ND 
MS612 Lake 1  10/22/2015 ND ND ND ND ND ND 
MS613 Lake 2  10/22/2015 0.29 ND ND ND ND ND 
  
 
2
8
7
 
   
(µg/L) 
Sample Reference Name Analysis Date  Methane Ethane  Ethene  Propane  Propylene Butane  
MS614 Lake 3  10/22/2015 0.38 ND ND ND ND ND 
MS615 Stream 2  10/22/2015 0.56 0.01 ND ND ND ND 
MS616 Stream 3  10/22/2015 0.35 ND ND ND ND ND 
MS617 Stream 4  10/22/2015 2.8 ND ND ND ND ND 
MS683 Stream 1  1/21/2016 ND ND ND ND ND ND 
MS684 Lake 1  1/21/2016 1.36 ND ND ND ND ND 
MS685 Lake 2  1/21/2016 0.54 ND ND ND ND ND 
MS686 Lake 3  1/21/2016 0.49 ND ND ND ND ND 
MS687 Stream 2  1/21/2016 0.33 ND ND ND ND ND 
MS688 Stream 3  1/21/2016 0.36 ND ND ND ND ND 
MS689 Stream 4  1/21/2016 0.35 ND ND ND ND ND 
MS690 Foam Area 1  - - - - - - - 
MS709 Foam Area 2  - - - - - - - 
MS710 Foam Area 1  - - - - - - - 
MS711 Stream 1  2/26/2016 ND ND ND ND ND ND 
MS712 Stream 1 Source - - - - - - - 
MS713 Lake 1  2/26/2016 3.46 ND ND ND ND ND 
MS714 Lake 2  2/26/2016 1.1 ND ND ND ND ND 
MS715 Lake 3  2/26/2016 1.55 ND ND ND ND ND 
MS716 Stream 2  2/26/2016 0.43 ND ND ND ND ND 
MS717 Stream 3  2/26/2016 ND ND ND ND ND ND 
MS718 Stream 4  2/26/2016 0.49 ND ND ND ND ND 
MS743 Foam Area 2  - - - - - - - 
MS744 Stream 1  3/23/2016 ND ND ND ND ND ND 
MS745 Lake 1  3/23/2016 6.02 ND ND ND ND ND 
MS746 Foam Area 3  - - - - - - - 
MS747 Lake 2  3/23/2016 9.3 ND ND ND ND ND 
MS748 Lake 3  3/23/2016 9.25 ND ND ND ND ND 
MS749 Stream 2  3/23/2016 0.5 ND ND ND ND ND 
MS750 Stream 3  3/23/2016 0.47 ND ND ND ND ND 
MS751 Stream 4  3/23/2016 1.09 ND ND ND ND ND 
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(µg/L) 
Sample Reference Name Analysis Date  Methane Ethane  Ethene  Propane  Propylene Butane  
MS783 Foam Area 2  - - - - - - - 
MS784 Stream 1  - - - - - - - 
MS785 Lake 1  - - - - - - - 
MS786 Lake 2  - - - - - - - 
MS787 Lake 3  - - - - - - - 
MS788 Stream 2  - - - - - - - 
MS789 Stream 3  - - - - - - - 
MS790 Stream 4  - - - - - - - 
MS804 Stream 1  6/30/2016 0.33 ND ND ND ND ND 
MS805 Lake 1  6/30/2016 0.33 ND ND ND ND ND 
MS806 Lake 2  6/30/2016 ND ND ND ND ND ND 
MS807 Lake 3  6/30/2016 ND ND ND ND ND ND 
MS808 Stream 2  6/30/2016 0.75 0.01 ND ND ND ND 
MS809 Stream 3  6/30/2016 1.1 ND ND ND ND ND 
MS810 Stream 4  6/30/2016 2.08 ND ND ND ND ND 
MS811 Stream 1  7/28/2016 ND ND ND ND ND ND 
MS812 Lake 1  7/28/2016 15.64 ND ND ND ND ND 
MS813 Lake 2  7/28/2016 ND ND ND ND ND ND 
MS814 Lake 3  7/28/2016 0.58 ND ND ND ND ND 
MS815 Stream 2  7/28/2016 0.79 0.01 ND ND ND ND 
MS816 Stream 3  7/28/2016 0.75 ND ND ND ND ND 
MS817 Stream 4  7/28/2016 1.85 ND ND ND ND ND 
MS834 Stream 1  9/3/2016 0.36 ND ND ND ND ND 
MS835 Lake 1  9/3/2016 1.62 ND ND ND ND ND 
MS836 Lake 2  9/3/2016 ND ND ND ND ND ND 
MS837 Lake 3  9/3/2016 1.44 ND ND ND ND ND 
MS838 Stream 2  9/3/2016 0.58 ND ND ND ND ND 
MS839 Stream 3  9/3/2016 0.77 ND ND ND ND ND 
MS840 Stream 4  9/3/2016 1.45 ND ND ND ND ND 
MS841 Stream 1  9/23/2016 ND ND ND ND ND ND 
MS842 Lake 1  9/23/2016 3.21 ND ND ND ND ND 
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(µg/L) 
Sample Reference Name Analysis Date  Methane Ethane  Ethene  Propane  Propylene Butane  
MS843 Lake 2  9/23/2016 ND ND ND ND ND ND 
MS844 Lake 3  9/23/2016 ND ND ND ND ND ND 
MS845 Stream 2  9/23/2016 0.45 ND ND ND ND ND 
MS846 Stream 3  9/23/2016 1.83 ND ND ND ND ND 
MS847 Stream 4  9/23/2016 1.64 ND ND ND ND ND 
MS848 Marsh  9/23/2016 2899.74 ND ND 0.06 ND ND 
MS861 Stream 1  10/20/2016 0.32 ND ND ND ND ND 
MS862 Marsh  10/20/2016 6.53 ND ND ND ND ND 
MS863 Marsh  10/20/2016 1439.38 ND ND 0.05 ND ND 
MS864 Lake 1  10/20/2016 1.33 ND ND ND ND ND 
MS865 Lake 2  10/20/2016 0.48 ND ND ND ND ND 
MS866 Lake 3  10/20/2016 0.59 ND ND ND ND ND 
MS867 Stream 2  10/20/2016 1.42 0.01 ND ND ND ND 
MS868 Stream 3  10/20/2016 1.61 ND ND ND ND ND 
MS869 Stream 4  10/20/2016 2.75 ND ND ND ND ND 
MS906 Stream 1  11/17/2016 0.55 ND ND ND ND ND 
MS907 Marsh  11/17/2016 1282.92 ND ND 0.03 ND ND 
MS908 Marsh  11/17/2016 1.14 ND ND ND ND ND 
MS909 Lake 1  11/17/2016 0.28 ND ND ND ND ND 
MS910 Lake 2  11/17/2016 0.37 ND ND ND ND ND 
MS911 Lake 3  11/17/2016 0.26 ND ND ND ND ND 
MS912 Stream 2  11/17/2016 0.51 ND ND ND ND ND 
MS913 Stream 3  11/17/2016 0.81 ND ND ND ND ND 
MS914 Stream 4  11/17/2016 1.16 ND ND ND ND ND 
MS928 Stream 1  12/15/2016 0.58 0.05 ND ND ND ND 
MS929 Marsh  12/15/2016 7.67 ND ND ND ND ND 
MS930 Lake 1  12/15/2016 24.82 ND ND ND ND ND 
MS931 Lake 2  12/15/2016 9.93 ND ND ND ND ND 
MS932 Stream 2  12/15/2016 0.68 ND ND ND ND ND 
MS933 Stream 3  12/15/2016 0.64 ND ND ND ND ND 
MS934 Stream 4  12/15/2016 0.84 ND ND ND ND ND 
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(µg/L) 
Sample Reference Name Analysis Date  Methane Ethane  Ethene  Propane  Propylene Butane  
MS935 Stream 1  1/24/2017 ND ND ND ND ND ND 
MS936 Foam Area 1  1/24/2017 ND ND ND ND ND ND 
MS937 Lake 1 Storm Runoff 1/24/2017 ND ND ND ND ND ND 
MS938 Lake 1  1/24/2017 2.81 ND ND ND ND ND 
MS939 Lake 2  1/24/2017 0.25 ND ND ND ND ND 
MS940 Lake 3  1/24/2017 ND ND ND ND ND ND 
MS941 Stream 2  1/24/2017 0.33 ND ND ND ND ND 
MS942 Stream 3  1/24/2017 0.38 ND ND ND ND ND 
MS943 Stream 4  1/24/2017 0.52 ND ND ND ND ND 
MS949 Stream 1  2/22/2017 ND ND ND ND ND ND 
MS950 Marsh  2/22/2017 5.55 ND ND ND ND ND 
MS951 Marsh  2/22/2017 51.64 ND 0.01 ND ND ND 
MS952 Lake 1  2/22/2017 0.69 ND ND ND ND ND 
MS953 Lake 2  2/22/2017 0.64 ND ND ND ND ND 
MS954 Lake 3  2/22/2017 0.79 ND ND ND ND ND 
MS955 Stream 2  2/22/2017 0.33 ND ND ND ND ND 
MS956 Stream 3  2/22/2017 0.37 ND ND ND ND ND 
MS957 Stream 4  2/22/2017 0.92 0.08 0.36 0.13 0.07 0.04 
MS966 Stream 1  3/24/2017 ND ND ND ND ND ND 
MS967 Marsh  3/24/2017 4.37 ND ND ND ND ND 
MS968 Lake 1  3/24/2017 3.87 ND ND ND ND ND 
MS969 Lake 2  3/24/2017 19.12 ND ND ND ND ND 
MS970 Lake 3  3/24/2017 8.14 ND ND ND ND ND 
MS971 Stream 2  3/24/2017 0.43 ND ND ND ND ND 
MS972 Stream 3  3/24/2017 0.51 ND ND ND ND ND 
MS973 Stream 4  3/24/2017 0.72 ND 0.02 ND ND ND 
MS983 Stream 1  4/21/2017 ND ND ND ND ND ND 
MS984 Marsh  4/21/2017 11.84 ND ND ND ND ND 
MS985 Lake 1  4/21/2017 16.2 ND ND ND ND ND 
MS986 Lake 2  4/21/2017 39.51 ND ND ND ND ND 
MS987 Lake 3  4/21/2017 28.91 ND ND ND ND ND 
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(µg/L) 
Sample Reference Name Analysis Date  Methane Ethane  Ethene  Propane  Propylene Butane  
MS988 Stream 2  4/21/2017 0.97 ND ND ND ND ND 
MS989 Stream 3  4/21/2017 0.76 ND ND ND ND ND 
MS990 Stream 4  4/21/2017 1.51 ND ND ND ND ND 
MS991 Local Spring 4/21/2017 ND ND ND ND ND ND 
MS1002 Stream 1  5/22/2017 ND ND ND ND ND ND 
MS1003 Lake 1  5/22/2017 7.73 ND ND 0.02 ND ND 
MS1004 Lake 2  5/22/2017 0.2 ND ND ND ND ND 
MS1005 Lake 3  5/22/2017 10.93 ND ND ND ND ND 
MS1006 Stream 2  5/22/2017 0.68 ND ND ND ND ND 
MS1007 Stream 3  5/22/2017 1.06 ND ND ND ND ND 
MS1008 Stream 4  5/22/2017 1.49 ND ND ND ND ND 
MS1037 Stream 1  6/14/2017 0.33 ND ND ND ND ND 
MS1038 Marsh  6/14/2017 27.46 ND ND ND ND ND 
MS1039 Lake 1  6/14/2017 7.32 ND ND ND ND ND 
MS1040 Lake 2  6/14/2017 1.44 ND ND ND ND ND 
MS1041 Lake 3  6/14/2017 24.17 ND ND ND ND ND 
MS1042 Stream 2  6/14/2017 0.91 ND ND ND ND ND 
MS1043 Stream 3  6/14/2017 1.06 ND ND ND ND ND 
MS1044 Stream 4  6/14/2017 2.02 ND ND ND ND ND 
MS1063 Stream 1  7/19/2017 0.74 ND ND ND ND ND 
MS1064 Marsh  7/19/2017 80.08 ND ND ND ND ND 
MS1065 Lake 1  7/19/2017 18.92 ND ND ND ND ND 
MS1066 Lake 2  7/19/2017 18.88 ND ND ND ND ND 
MS1067 Lake 3  7/19/2017 10.29 ND ND ND ND ND 
MS1068 Stream 2  7/19/2017 0.79 ND ND ND ND ND 
MS1069 Stream 3  7/19/2017 1.91 ND ND ND ND ND 
MS1070 Stream 4  7/19/2017 2.14 ND ND ND ND ND 
MS1099 Stream 1  11/21/2017 1.13 ND ND ND ND 0.09 
MS1100 Marsh  - - - - - - - 
MS1101 Lake 1  11/21/2017 3.68 ND ND ND ND 0.05 
MS1102 Lake 2  11/21/2017 5.98 ND ND ND ND 0.04 
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(µg/L) 
Sample Reference Name Analysis Date  Methane Ethane  Ethene  Propane  Propylene Butane  
MS1103 Lake 3  11/21/2017 3.52 ND ND ND ND ND 
MS1104 Stream 2  11/21/2017 0.82 ND ND ND ND ND 
MS1105 Stream 3  11/21/2017 1.59 ND ND ND ND ND 
MS1106 Stream 4  11/21/2017 1.8 ND ND ND ND ND 
 
